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7
Mechanisms to ensure efficient operation of a small cell layer
7.1
Mechanisms for interference avoidance and coordination among small cells
For each technique of interference avoidance and coordination, further study includes the followings:

· Feasible time scale (i.e., how fast or slow the technique is applied)

· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signalling, energy consumption, possible impact on IDLE mode UEs 

Candidate techniques for study are listed in following subclauses, other techniques are not precluded.
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 NCTCRS (i.e., reduced CRS)

NCT with NCTCRS is studied in NCT WI. Small cell on/off developed in SCE can apply to NCT after it is introduced. Comparison NCTCRS and small cell on/off performance are included in 7.1.1.1.3.
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. Note that, in this set of results, relative long on period is assumed and hence transition time has no impact on average system performance. 
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. Loss was observed by some companies.

· With 6 MBSFN subframes configured as baseline:
 

c. 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. Note that, in this set of results, relative long on period is assumed and hence transition time has no impact on average system performance.
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:
“(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 (~10%) to large (>20%) 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-A, Table 7.1.1.1.1-3-B, and Table 7.1.1.1.1-3-C (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-A : Performance gains for semi-static on/off based on packet call arrival/completion, with transition time ≤ 100ms and no cell ID planning and 0 MBSFN subframes configured
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	RU

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	

	2a, 10picos/macro
	1 (R1-132890)
	(20,20)
	
	42%
	48%
	
	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%
	
	
	
	30%

	2a, 10pico
	9 (R1-134105)
	(30,30)
	18%
	20%
	37%
	-9%
	Mean RU for baseline: 18%

	
	
	
	19%
	18%
	29%
	-17%
	Mean RU for baseline: 41%

	
	
	
	20%
	23%
	31%
	-13%
	Mean RU for baseline: 53%

	
	
	(50,50)
	3%
	21%
	16%
	-9%
	Mean RU for baseline: 18%

	
	
	
	2%
	11%
	10%
	-18%
	Mean RU for baseline: 41%

	
	
	
	5%
	16%
	13%
	-16%
	Mean RU for baseline: 53%

	2a, 10pico
	10 (R1-134256)
	(40,40)
	28%
	 
	 
	 
	20%

	
	
	(100,40)
	15%
	 
	 
	 
	

	
	
	(40,40)
	16%
	 
	 
	 
	40%

	
	
	(100,40)
	10%
	 
	 
	 
	

	2a, 10pico
	13 (R1-134446)
	(100,100)
	108%
	73%
	 
	 
	9.1%

	
	
	(10,10)
	186%
	296%
	 
	 
	7.3%

	2a, 10pico
	17 (R1-134402)
	(50, 8)UL based
	-5%
	 
	 
	 
	20%

	
	
	(15, 8)UL based
	25%
	 7%
	 
	 
	

	
	
	(15, 8)DL based: transmission of DRS of 200ms
	32%
	 1%
	 
	 
	

	
	
	(50, 8)UL based
	-2%
	 
	 
	 
	40%

	
	
	(15, 8)UL based
	26%
	 33%
	 
	 
	

	
	
	(15, 8)DL based: transmission of DRS of 200ms
	33%
	 34%
	 
	 
	

	
	
	(50, 8)UL based
	2%
	 
	 
	 
	60%

	
	
	(15, 8)UL based
	28%
	 86%
	 
	 
	

	
	
	(15, 8)DL based: transmission of DRS of 200ms
	37%
	 86%
	 
	 
	

	2a, 4pico
	19 (R1-135349)
	(20.20)
	51%
	31%
	 
	 
	Macro RU for baseline: 35%

	
	
	(80,50)
	44%
	18%
	 
	 
	

	2a, 10pico
	
	(20.20)
	68%
	34%
	 
	 
	

	
	
	(80,50)
	35%
	33%
	 
	 
	

	2a, 10pico
	22 (R1-135673)
	(30,30)
	46%
	64%
	79%
	1%
	FTP Model 1, lambda = 1/

	
	
	
	46%
	42%
	39%
	1%
	FTP Model 1, lambda = 1.5

	
	
	
	19%
	28%
	32%
	-2%
	FTP Model 1, lambda = 2

	
	
	(50,50)
	34%
	63%
	60%
	1%
	FTP Model 1, lambda = 1

	
	
	
	18%
	40%
	29%
	1%
	FTP Model 1, lambda = 1.5

	
	
	
	15%
	10%
	27%
	-1%
	FTP Model 1, lambda = 2

	2a, 4pico
	25 (R1-135035)
	(20,20)
	
	34%
	35%
	
	Macro RU:24.14%

	
	
	(40,40)
	
	29%
	23%
	
	

	
	
	(80,50)
	
	14%
	2%
	
	

	
	
	(100,50)
	
	10%
	-7%
	
	

	
	
	(20,20)
	
	29%
	27%
	
	Macro RU:40.03%

	
	
	(40,40)
	
	21%
	16%
	
	

	
	
	(80,50)
	
	14%
	0%
	
	

	
	
	(100,50)
	
	10%
	-6%
	
	

	
	
	(20,20)
	
	26%
	20%
	
	Macro RU:54.65%

	
	
	(40,40)
	
	23%
	12%
	
	

	
	
	(80,50)
	
	16%
	2%
	
	

	
	
	(100,50)
	
	12%
	-1%
	
	

	2a, 10pico
	25 (R1-135035)
	(20,20)
	
	40%
	46%
	
	Macro RU: 22.47%

	
	
	(40,40)
	
	35%
	33%
	
	

	
	
	(80,50)
	
	24%
	10%
	
	

	
	
	(100,50)
	
	19%
	2%
	
	

	
	
	(20,20)
	
	31%
	25%
	
	Macro RU:40.47%

	
	
	(40,40)
	
	28%
	17%
	
	

	
	
	(80,50)
	
	17%
	4%
	
	

	
	
	(100,50)
	
	19%
	-2%
	
	

	
	
	(20,20)
	
	23%
	26%
	
	Macro RU:57.39%

	
	
	(40,40)
	
	26%
	20%
	
	

	
	
	(80,50)
	
	14%
	6%
	
	

	
	
	(100,50)
	
	8%
	1%
	
	


Table 7.1.1.1.1-3-B : Performance gains for semi-static on/off based on packet call arrival/completion, with transition time ≤ 100ms and no cell ID planning and 6 MBSFN subframes configured
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	RU

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	

	2a,4picos/macro
	3 (R1-133762)
	(15, 0) (BCT)
	
	
	20%
	
	Pico RU for baseline: 26%

	
	
	
	
	
	24%
	
	Pico RU for baseline: 6%

	
	
	
	
	
	11%
	
	Pico RU for baseline: 58%

	
	
	
	
	
	21%
	
	Pico RU for baseline: 21%

	
	
	(15, 0) (NCT)
	
	
	20%
	
	Pico RU for baseline: 26%

	
	
	
	
	
	24%
	
	Pico RU for baseline: 6%

	
	
	
	
	
	13%
	
	Pico RU for baseline: 59%

	
	
	
	
	
	24%
	
	Pico RU for baseline: 21%

	2a, 10pico
	4 (R1-133456)
	(40,50)DL based: transmission of DL RS of 10 ms,
	
	40%
	35%
	14%
	Mean RU for baseline: 20%

	
	
	(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: 32%

	
	
	(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%

	
	
	(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%
	

	2a, 10pico
	9 (R1-134105) (packet size=0.5M bytes)
	(30,30)
	-2%
	18%
	-1%
	0%
	Mean RU for baseline: 17%

	
	
	
	-5%
	7%
	-2%
	-8%
	Mean RU for baseline: 37%

	
	
	
	-4%
	3%
	3%
	-16%
	Mean RU for baseline: 47%

	
	
	(50,50)
	-15%
	1%
	-20%
	2%
	Mean RU for baseline: 17%

	
	
	
	-18%
	0%
	-17%
	-11%
	Mean RU for baseline: 37%

	
	
	
	-16%
	3%
	-11%
	-17%
	Mean RU for baseline: 47%

	2a, 10pico
	18 (R1-135081) (packet size=2M bytes)
	(30,30)
	13%
	22%
	19%
	-9%
	Mean RU for baseline: 17%

	
	
	
	13%
	17%
	19%
	-9%
	Mean RU for baseline: 35%

	
	
	
	13%
	13%
	19%
	-7%
	Mean RU for baseline: 45%

	
	
	(50,50)
	9%
	20%
	15%
	-6%
	Mean RU for baseline: 17%

	
	
	
	7%
	10%
	11%
	-16%
	Mean RU for baseline: 35%

	
	
	
	4%
	4%
	9%
	-14%
	Mean RU for baseline: 45%

	2a, 4pico
	16 (R1-134816)
	(40,40)
	-17%
	-16%
	 
	 
	Macro RU for baseline: 20%

	
	
	(10,10)
	3%
	11%
	 
	 
	

	
	
	(40,40)
	-17%
	-6%
	 
	 
	Macro RU for baseline: 40%

	
	
	(10,10)
	3%
	9%
	 
	 
	

	
	
	(40,40)
	-16%
	5%
	 
	 
	Macro RU for baseline: 60%

	
	
	(10,10)
	5%
	14%
	 
	 
	

	2a, 10pico
	16 (R1-134816)
	(40,40)
	-7%
	15%
	 
	 
	Macro RU for baseline: 20%

	
	
	(10,10)
	18%
	39%
	 
	 
	

	
	
	(40,40)
	-7%
	11%
	 
	 
	Macro RU for baseline: 40%

	
	
	(10,10)
	18%
	29%
	 
	 
	

	
	
	(40,40)
	-6%
	10%
	 
	 
	Macro RU for baseline: 60%

	
	
	(10,10)
	19%
	26%
	 
	 
	

	2a, 4pico
	21 (R1-135876)
	(90,90)
	-29%
	 
	 
	 
	Macro RU for baseline: 20%

	
	
	(90,90)
	-29%
	 
	 
	 
	Macro RU for baseline: 40%

	
	
	(90, 90)
	-32%
	
	
	
	Macro RU for baseline: 60%

	
	
	(24,8)
	-5%
	 
	 
	 
	Macro RU for baseline: 20%

	
	
	(24,8)
	-5%
	 
	 
	 
	Macro RU for baseline: 40%

	
	
	(24, 8)
	-5%
	
	
	
	Macro RU for baseline: 60%

	2a, 10pico
	21 (R1-135876)
	(90,90)
	-22%
	 
	 
	 
	Macro RU for baseline: 20%

	
	
	(90,90)
	-30%
	 
	 
	 
	Macro RU for baseline: 40%

	
	
	(90, 90)
	-25%
	
	
	
	Macro RU for baseline: 60%

	
	
	(24,8)
	5%
	 
	 
	 
	Macro RU for baseline: 20%

	
	
	(24,8)
	5%
	 
	 
	 
	Macro RU for baseline: 40%

	
	
	(24, 8)
	7%
	
	
	
	Macro RU for baseline: 60%

	2a, 10pico, ref optimised number of picos
	21 (R1-135876)
	(24,8)
	-4%
	
	
	
	Macro RU for baseline: 20%

	
	
	(24,8)
	1%
	
	
	
	Macro RU for baseline: 40%

	
	
	(24, 8)
	3%
	
	
	
	Macro RU for baseline: 60%

	2a, 10pico

	20 (R1-135431) (CRS-IC)
	(10,10)
	42%
	42%
	 
	 
	Baseline RU of Macro: 27%

	
	
	
	31%
	17%
	 
	 
	Baseline RU of Macro: 44%

	
	
	
	5%
	-40%
	 
	 
	Baseline RU of Macro: 62%

	
	
	
	-9%
	-30%
	 
	 
	Baseline RU of Macro: 79%

	
	
	(50,50)
	4%
	25%
	 
	 
	Baseline RU of Macro: 27%

	
	
	
	-2%
	-2%
	 
	 
	Baseline RU of Macro: 44%

	
	
	
	-15%
	-36%
	 
	 
	Baseline RU of Macro: 62%

	
	
	
	-25%
	-40%
	 
	 
	Baseline RU of Macro: 79%

	2a, 4pico
	26 (R1-135514)
	(40,50)DL DS, 1 DS subframe per 200ms
	
	30%
	20%
	6%
	Baseline RU of Macro: 22%

	
	
	
	
	32%
	15%
	4%
	Baseline RU of Macro:37%

	
	
	
	
	31%
	33%
	-8%
	Baseline RU of Macro: 48%

	2a, 6pico
	
	
	
	42%
	36%
	18%
	Baseline RU of Macro: 18%

	
	
	
	
	37%
	18%
	9%
	Baseline RU of Macro: 33%

	
	
	
	
	30%
	14%
	-1%
	Baseline RU of Macro: 45%

	2a, 8pico
	
	
	
	54%
	57%
	12%
	Baseline RU of Macro: 15%

	
	
	
	
	40%
	29%
	24%
	Baseline RU of Macro: 29%

	
	
	
	
	34%
	17%
	15%
	Baseline RU of Macro: 42%

	2a, 10pico
	
	
	
	56%
	66%
	24%
	Baseline RU of Macro: 16%

	
	
	
	
	45%
	33%
	26%
	Baseline RU of Macro: 28%

	
	
	
	
	35%
	23%
	19%
	Baseline RU of Macro: 40%

	


Table 7.1.1.1.1-3-C : Performance gains for semi-static on/off based on packet call arrival/completion, with transition time ≤ 100ms with sector aligned CRS shift and 6/0 MBSFN subframes configured
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	
	Macro RU

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	MBSFN
	

	2a, 4pico
	16 (R1-134816)
	(40,40)
	-20%
	-14%
	
	
	6
	20%

	
	
	(10,10)
	-3%
	12%
	
	
	
	

	
	
	(40,40)
	-25%
	-16%
	
	
	
	40%

	
	
	(10,10)
	-5%
	5%
	
	
	
	

	
	
	(40,40)
	-25%
	-16%
	
	
	
	60%

	
	
	(10,10)
	-5%
	-4%
	
	
	
	

	2a, 10pico
	16 (R1-134816)
	(40,40)
	-20%
	-13%
	
	
	
	20%

	
	
	(10,10)
	-1%
	23%
	
	
	
	

	
	
	(40,40)
	-23%
	-10%
	
	
	
	40%

	
	
	(10,10)
	-1%
	10%
	
	
	
	

	
	
	(40,40)
	-20%
	-19%
	
	
	
	60%

	
	
	(10,10)
	-1%
	3%
	
	
	
	

	2a, 4pico
	21 (R1-135876)
	(90,90)
	-35%
	
	
	
	
	20%

	
	
	(90,90)
	-36%
	
	
	
	
	40%

	
	
	(90, 90)
	-34%
	
	
	
	
	60%

	
	
	(24,8)
	-14%
	
	
	
	
	20%

	
	
	(24, 8)
	-14%
	
	
	
	
	40%

	
	
	(24,8)
	-10%
	
	
	
	
	60%

	2a, 10pico
	21 (R1-135876)
	(90,90)
	-35%
	
	
	
	
	20%

	
	
	(90,90)
	-38%
	
	
	
	
	40%

	
	
	(90, 90)
	-41%
	
	
	
	
	60%

	
	
	(24,8)
	-12%
	
	
	
	
	20%

	
	
	(24, 8)
	-12%
	
	
	
	
	40%

	
	
	(24,8)
	-15%
	
	
	
	
	60%

	2a, 4pico
	25 (R1-135035)
	(20,20)
	
	27%
	18%
	
	
	Macro RU:22.1%

	
	
	(40,40)
	
	14%
	4%
	
	
	

	
	
	(80,50)
	
	7%
	-13%
	
	0
	

	
	
	(100,50)
	
	2%
	-20%
	
	
	

	
	
	(20,20)
	
	17%
	14%
	
	
	Macro RU:35.13%

	
	
	(40,40)
	
	11%
	5%
	
	
	

	
	
	(80,50)
	
	3%
	-9%
	
	
	

	
	
	(100,50)
	
	3%
	-11%
	
	
	

	
	
	(20,20)
	
	18%
	8%
	
	
	Macro RU:51.42%

	
	
	(40,40)
	
	12%
	1%
	
	
	

	
	
	(80,50)
	
	6%
	-9%
	
	
	

	
	
	(100,50)
	
	4%
	-10%
	
	
	

	2a, 10pico
	25 (R1-135035)
	(20,20)
	
	13%
	10%
	
	
	Macro RU:17.59%

	
	
	(40,40)
	
	14%
	4%
	
	
	

	
	
	(80,50)
	
	6%
	-12%
	
	
	

	
	
	(100,50)
	
	1%
	-18%
	
	
	

	
	
	(20,20)
	
	4%
	4%
	
	
	Macro RU:35.17%

	
	
	(40,40)
	
	11%
	2%
	
	
	

	
	
	(80,50)
	
	6%
	-9%
	
	
	

	
	
	(100,50)
	
	1%
	-13%
	
	
	

	
	
	(20,20)
	
	8%
	2%
	
	
	Macro RU:48.9%

	
	
	(40,40)
	
	5%
	0%
	
	
	

	
	
	(80,50)
	
	5%
	-7%
	
	
	

	
	
	(100,50)
	
	-2%
	-12%
	
	
	

	


It is observed from the evaluation results that, for semi-static on/off based on packet call arrival/completion with transition time shorter than 100ms,

· With no cell ID planning and 0 MBSFN subframes configured
· Large (>20%) gains in most results with low/medium traffic load. Many sources show very high gains (>40%). 
· For transition time in the range of [20ms, 50ms], very large gains are observed in most results. 
· For transition time in the range of [80ms, 100ms], large gains are observed though lower than in the case of [20ms, 50ms].
· For transition time in the range of [10ms, 15ms], high to very high gains are observed.
· With no cell ID planning and 6 MBSFN subframes configured
· Moderate to large gains (mostly >10%) in most results with all traffic load in at least one of the performance metrics (mean/5%ile /50%ile/95%ile UPT gains). One source show losses in the only performance metric (mean UPT gain).
· With high traffic load, the gains are reduced. 
· One source shows that with larger packet sizes, the gains are improved to become moderate and large (mostly 10% to 20%) with all traffic load.

· One source with CRS-IC shows losses with high traffic load where performance loss of macro UEs is shown without clear reason.
· With sector-aligned CRS shift and 0 MBSFN configuration 
· With 4 Picos/Cluster and the on/off transition no longer than 50ms: moderate (10%~25%) 5%ile UPT gains, and low (5%~15%) 50%ile UPT gains.
· With 10 Picos/Cluster and the on/off transition no longer than 50ms: low (<15%) 5%ile and 50%ile UPT gains.
· With sector aligned CRS shift and 6 MBSFN subframes configured
· Losses or at most small gains in most results.

· The gain is generally larger with shorter off-to-on transition time.
· 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)
	13%
	
	served time without 
consideration of 
off-to-on transition time 
	30.0%

	
	
	(200, 200)
	14%
	
	
	

	2a, 10picos/macro
	2 (R1-133769)
	(400,200)
	9%
	
	served time without 
consideration of 
off-to-on transition time 


	 25.0%

	
	
	(300,100)
	13%
	
	
	

	
	
	(250,50)
	20%
	
	
	

	
	
	(400,200)
	6%
	
	served time without 
consideration of 
off-to-on transition time
	75.0% 

	
	
	(300,100)
	8%
	
	
	

	
	
	(250,50)
	11%
	
	
	

	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
	7 (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)
	8 (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%

	2a, 10pico
	10 (R1-134256)
	(400,40)
	-17%
	 
	0 MBSFN configured
	20%

	
	
	(1000,40)
	-43%
	 
	
	20%

	
	
	(400,40)
	-16%
	 
	
	40%

	
	
	(1000,40)
	-32%
	 
	
	40%

	2a, 10pico
	13 (R1-134446)
	(400,200)
	-5%
	-32%
	0 MBSFN configured
	11.1%

	2a, 10pico

	14 (R1-134480)
	(100,0)
	50%
	32%
	
	Macro RU for baseline: 39%

	
	
	(200,0)
	48%
	52%
	
	

	
	
	(300,0)
	44%
	34%
	
	

	
	
	(400,0)
	44%
	21%
	
	

	
	
	(100,0)
	38%
	35%
	
	Macro RU for baseline: 59%

	
	
	(200,0)
	32%
	27%
	
	

	
	
	(300,0)
	27%
	7%
	
	

	
	
	(400,0)
	19%
	-2%
	
	

	
	
	(100,0)
	19%
	10%
	
	Macro RU for baseline: 79%

	
	
	(200,0)
	12%
	-8%
	
	

	
	
	(300,0)
	7%
	-19%
	
	

	
	
	(400,0)
	4%
	-25%
	
	

	2a, 10picos/macro
	17 (R1-134402)
	(215, 8)
	-49%
	-30% 
	
	20%

	
	
	(115, 8)
	-31%
	 -14%
	
	

	
	
	(215, 8)
	-46%
	 -8%
	
	40%

	
	
	(115, 8)
	-27%
	 3%
	
	

	
	
	(215, 8)
	-40%
	24% 
	
	60%

	
	
	(115, 8)
	-22%
	 55%
	
	

	2a, 4pico
	19 (R1-135349)
	(200,50)
	35%
	2%
	
	

	
	
	(400,50)
	9%
	-9%
	
	

	
	
	(1000,50)
	-32%
	-20%
	
	

	2a, 10pico
	
	(200,50)
	16%
	4%
	
	

	
	
	(400,50)
	-5%
	-12%
	
	

	
	
	(1000,50)
	-47%
	-28%
	
	

	2a, 10pico
	20 (R1-135431)
	(100,100)
	-16%
	22%
	
	Baseline RU of Macro: 27%

	
	
	
	-.16.5%
	2%
	
	Baseline RU of Macro: 44%

	
	
	
	-27%
	-44%
	
	Baseline RU of Macro: 62%

	
	
	
	-36%
	-32%
	
	Baseline RU of Macro: 79%

	NOTE *:
Considers additional UE connection delay 200ms

NOTE **:
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
 for semi-static on/off based on packet call arrival/completion with transition time longer than 100ms,
· Low or no gains or losses in most results, though moderate to large gains are also observed by some companies. 
· Note that gains are observed in some sets of results where off-to-on transition time is not included when calculating UPT.
Table 7.1.1.1.1-5 shows performance gains in the presence of legacy UEs which could not use discovery signals for the measurement.
Table 7.1.1.1.1-5 Performance gains for semi-static on/off across various legacy UE ratios over baseline without cell on/off
	Scenario
	Source
	Legacy UE ratio

	UPT gains
	Assumptions

	
	
	
	Mean
	5%-tile
	50%-tile
	95%-tile
	Note
	RU

	2a, 10picos/macro
	17 (R1-134402) (all small cells can be turned on/off)
	0%
	32%
	1%
	
	
	(215,8) used for legacy UEs; (15, 8) DL-based on/off for advanced UEs
	Macro RU 20%

	
	
	20%
	19%
	-17%
	
	
	
	

	
	
	40%
	5%
	-32%
	
	
	
	

	
	
	60%
	-12%
	-53%
	
	
	
	

	
	
	0%
	33%
	33%
	
	
	
	Macro RU 40%

	
	
	20%
	21%
	10%
	
	
	
	

	
	
	40%
	6%
	-23%
	
	
	
	

	
	
	60%
	-21%
	-62%
	
	
	
	

	
	
	0%
	37%
	86%
	
	
	
	Macro RU 60%

	
	
	20%
	21%
	26%
	
	
	
	

	
	
	40%
	3%
	-29%
	
	
	
	

	
	
	60%
	-21%
	-76%
	
	
	
	

	2a, 10picos/macro
	17 (R1-134402) (60% small cells can be turned on/off)
	0%
	20%
	36%
	
	
	(215,8) used for legacy UEs; (15, 8) DL-based on/off for advanced UEs
	Macro RU 20%

	
	
	20%
	17%
	25%
	
	
	
	

	
	
	40%
	14%
	14%
	
	
	
	

	
	
	60%
	10%
	4%
	
	
	
	

	
	
	0%
	20%
	57%
	
	
	
	Macro RU 40%

	
	
	20%
	16%
	44%
	
	
	
	

	
	
	40%
	11%
	18%
	
	
	
	

	
	
	60%
	6%
	10%
	
	
	
	

	
	
	0%
	24%
	79%
	
	
	
	Macro RU 60%

	
	
	20%
	18%
	60%
	
	
	
	

	
	
	40%
	12%
	36%
	
	
	
	

	
	
	60%
	5%
	12%
	
	
	
	

	2a, 10picos/macro
	24 (R1-135824) ( (1000, 150) used for legacy UEs)
	0%
	28%
	
	
	
	(40,40)
	20%

	
	
	
	15%
	
	
	
	(100,40)
	

	
	
	
	16%
	
	
	
	(40,40)
	40%

	
	
	
	10%
	
	
	
	(100,40)
	

	
	
	20%
	18%
	
	
	
	(40,40)
	20%

	
	
	
	8%
	
	
	
	(100,40)
	

	
	
	
	11%
	
	
	
	(40,40)
	40%

	
	
	
	6%
	
	
	
	(100,40)
	

	
	
	50%
	-3%
	
	
	
	(40,40)
	20%

	
	
	
	-8%
	
	
	
	(100,40)
	

	
	
	
	-3%
	
	
	
	(40,40)
	40%

	
	
	
	-5%
	
	
	
	(100,40)
	

	2a, 10picos/macro
	24 (R1-135824) ( (1000, 150) used for legacy UEs; only cells without legacy UEs can be turned on/off)
	20%
	22%
	
	
	
	(40,40)
	20%

	
	
	
	14%
	
	
	
	(100,40)
	

	
	
	
	13%
	
	
	
	(40,40)
	40%

	
	
	
	8%
	
	
	
	(100,40)
	

	
	
	50%
	15%
	
	
	
	(40,40)
	20%

	
	
	
	12%
	
	
	
	(100,40)
	

	
	
	
	6%
	
	
	
	(40,40)
	40%

	
	
	
	5%
	
	
	
	(100,40)
	


It is observed from the evaluation results from two sources that

· The performance gain with semi-static on/off decreases as the percentage of legacy UEs increases due to performance loss in legacy UEs. 
· With no more than 40% legacy UEs, semi-static on/off provides low to large performance gains (3%~37%).
· With more than 50% legacy UEs, semi-static on/off may not provide performance benefit.
· One source show that the performance loss with 50% legacy UEs can be remedied if on/off is restricted to cells without legacy UEs, in which case semi-static on/off provides low to moderate performance gains.
· One source show that the performance loss with 60% legacy UEs can be remedied if on/off is restricted to only 60% of small cells, in which case semi-static on/off provides low to high performance gains.
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 7.1.1.1.2-1 (with 0 MBSFN per radio frame and no cell ID planning), Table 7.1.1.1.2-2 (with 0 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster), Table 7.1.1.1.2-3 (with 6 MBSFN per radio frame and no cell ID planning), and Table 7.1.1.1.2-4 (with 6 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster).
Table 7.1.1.1.2-1 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

 
	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)
	53%
	71%
	
	
	4 file/s/macro, 0.13 file/s/UE
	

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

	2a, 10pico
	9 (R1-134105)
	61%
	39%
	95%
	17%
	lambda= 3 per macro cell (packet size=0.5M bytes)
	baseline M-RU 18%

	
	
	59%
	25%
	72%
	24%
	lambda= 7.5 per macro cell (packet size=0.5M bytes)
	baseline M-RU 41%

	
	
	59%
	28%
	68%
	31%
	lambda= 10 per macro cell (packet size=0.5M bytes)
	baseline M-RU 53%

	2a, 4pico
	12 (R1-134375)
	4%
	19%
	 
	 
	lambda= 3.1
	baseline M-RU 17.78%

	
	
	5%
	12%
	 
	 
	lambda= 9.1
	baseline M-RU 60.13%

	2a, 10pico
	13 (R1-134446)
	165%
	134%
	 
	 
	FTP Model 1, lambda = 6
	7.7%

	2a, 10pico
	15 (R1-134562)
	24%
	0%
	 
	 
	lambda= 1/3
	

	2a, 10pico
	22 (R1-135673)
	81%
	99%
	128%
	1%
	FTP Model 1, lambda = 1
	

	
	
	46%
	56%
	61%
	1%
	FTP Model 1, lambda = 1.5
	

	
	
	32%
	34%
	44%
	3%
	FTP Model 1, 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 (>20%) gains with low/medium traffic loads. Very large gains (>50%) are observed in some sources.
· The gains are lower with high traffic load.

Table 7.1.1.1.2-2 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
	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 (<10%) gains are observed in Scenario 1 with low/medium traffic loads. 

· Moderate (10% to ~20%) 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 7.1.1.1.2-1.

Table 7.1.1.1.2-3 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
	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)
	6%
	5%
	3%
	 
	moderate
	the highest layer has a RU = 40%

	
	4 (R1- 133782)
	1%
	3%
	2%
	 
	
	~70% RU for macro

~16% for small cell

	
	
	2%
	1%
	5%
	 
	
	~15% for macro ~28% for small cell

	2a, 10pico
	9 (R1-134105)
	28%
	25%
	33%
	9%
	lambda= 3 per macro cell
	baseline M-RU 17%

	
	
	27%
	19%
	32%
	12%
	lambda= 7.5 per macro cell
	baseline M-RU 37%

	
	
	26%
	17%
	33%
	15%
	lambda= 10 per macro cell
	baseline M-RU 47%

	2a, 4pico
	16 (R1-134816)
	14%
	22%
	 
	 
	
	20%

	
	
	16%
	26%
	 
	 
	
	40%

	
	
	20%
	29%
	 
	 
	
	60%

	2a, 10pico
	16 (R1-134816)
	32%
	63%
	 
	 
	
	20%

	
	
	33%
	47%
	 
	 
	
	40%

	
	
	34%
	37%
	 
	 
	
	60%

	2a, 10pico
	18 (R1-135081)
	25%
	30%
	33%
	2%
	lambda= 0.75 per macro cell (packet size=2M bytes)
	baseline M-RU 17%

	
	
	27%
	37%
	35%
	2%
	lambda= 1.875 per macro cell (packet size=2M bytes)
	baseline M-RU 35%

	
	
	22%
	15%
	28%
	5%
	lambda= 2.5 per macro cell (packet size=2M bytes)
	baseline M-RU 45%


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 (~10%) gains are observed in Scenario 1 with low/medium traffic loads.

· Moderate (~10% to ~20%) gains are observed in Scenario 2a with 4 small cells per macro and with low/medium/high traffic loads.

· Large variance of gains, from low (<10%) to large (>30%), 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 7.1.1.1.2-1.

Table 7.1.1.1.2-4 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
	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%

	2a, 4pico
	16 (R1-134816)
	8%
	20%
	
	
	
	20%

	
	
	6%
	16%
	
	
	
	40%

	
	
	7%
	13%
	
	
	
	60%

	2a, 10pico
	16 (R1-134816)
	12%
	26%
	
	
	
	20%

	
	
	12%
	16%
	
	
	
	40%

	
	
	15%
	16%
	
	
	
	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 (<10%) gains are observed in Scenario 1 with low/medium traffic loads. 

· Low to moderate (<10%) or no gains are observed in Scenario 2a with 4 small cells per macro and with low/medium/high traffic loads. 

· Moderate to large (10%~30%) 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 7.1.1.1.2-1, lower than those with 0 MBSFN and cell ID planning ensuring aligned small cell CRS within cluster indicated in Table 7.1.1.1.2-2, and lower than those with 6 MBSFN and no cell ID planning indicated in Table 7.1.1.1.2-3.
7.1.1.2
Small cell on/off energy saving

In addition to potential UPT gains, small cell on/off schemes described in subclause 7.1.1.1 may also provide benefits in terms of energy savings. The upper bound energy saving potential can be roughly evaluated in terms of active subframe ratio, i.e. the ratio of subframes in which at least some PDSCH transmission takes place. The active subframe ratios for small cell layer in Scenario 2a are summarized in Table 7.1.1.2-1 for various small cell on/off schemes described in 7.1.1.1. 

Table 7.1.1.2-1 Active subframe ratio for semi-static on/off based on traffic load (Scenario 2a, 0 dB CRE)
	Source
	Small cell on/off scheme
	
	Active subframe ratio
	Load

	
	
	
	 

	 1 (R1-133485)


4 picos/macro
	Baseline
	100%
	10 Mbps/cell

	
	(1,1)
	12%
	

	
	(50,100)
	17%
	

	
	(200,100)
	28%
	

	
	Baseline
	100 %
	40 Mbps/cell


	
	(1,1)
	61%
	

	
	(50,100)
	75%
	

	
	(200,100)
	86%
	

	23 (R1-135677)
4 picos/macro
	Baseline
	100 %
	12 Mbps/cell

	
	(1,0)
	4%
	

	
	(150,0)
	10%
	

	
	(500,0)
	23%
	

	
	(1000,0)
	38%
	

	
	Baseline
	100%
	18 Mbps/cell

	
	(1,0)
	5%
	

	
	(150,0)
	15%
	

	
	(500,0)
	31%
	

	
	(1000,0)
	47%
	

	
	Baseline
	100%
	24 Mbps/cell

	
	(1,0)
	8%
	

	
	(150,0)
	19%
	

	
	(500,0)
	39%
	

	
	(1000,0)
	55%
	

	24 (R1-135824)
10 picos/macro
	(40,40) for Rel-12 UE, (1000,150) for legacy UE, 0% legacy UE
	30%
	RU=20%

	
	(100,40) for Rel-12 UE, (1000,150) for legacy UE, 0% legacy UE
	39%
	

	
	(40,40) for Rel-12 UE, (1000,150) for legacy UE, 20% legacy UE
	37%
	

	
	(100,40) for Rel-12 UE, (1000,150) for legacy UE, 20% legacy UE
	46%
	

	
	(40,40) for Rel-12 UE, (1000,150) for legacy UE, 50% legacy UE
	51%
	

	
	(100,40) for Rel-12 UE, (1000,150) for legacy UE, 50% legacy UE
	54%
	

	
	(40,40) for Rel-12 UE, (1000,150) for legacy UE, 0% legacy UE
	57%
	RU=40%

	
	(100,40) for Rel-12 UE, (1000,150) for legacy UE, 0% legacy UE
	63%
	

	
	(40,40) for Rel-12 UE, (1000,150) for legacy UE, 20% legacy UE
	61%
	

	
	(100,40) for Rel-12 UE, (1000,150) for legacy UE, 20% legacy UE
	67%
	

	
	(40,40) for Rel-12 UE, (1000,150) for legacy UE, 50% legacy UE
	68%
	

	
	(100,40) for Rel-12 UE, (1000,150) for legacy UE, 50% legacy UE
	71%
	


It is observed from the evaluation results that, significant part of the energy saving potential can be harvested with moderate time-scale of 200 ms off-to-on transition time and 100ms on-to-off transition time. With more dynamic time scale, the active subframe ratio can be reduced further. It should be noted that reduction in active subframe ratio does not directly translate into network energy savings, but factors such as UE capabilities (i.e. presence of UEs not supporting on/off schemes), how dynamically on/off switching is applied, as well as eNodeB implementation aspects affect the achievable energy savings. 

In addition to the small cell on/off schemes listed in Table 7.1.1.2-1, long-term on/off schemes studied in RAN3 Energy Saving SI/WI as well as NCT can also reduce active subframe ratio. In an unloaded cell the active subframe ratio with NCT is 20 % when considering PSS/SSS/NCTCRS only. The small cell on/off schemes described in 7.1.1.1 can potentially be applied on an NCT small cell as well to further reduce active subframe ratio.

7.1.1.3 Time scales for on/off transitions
7.1.1.3.1 
Feasible time scales based on legacy procedures 

Various assumptions on small cell and UE capabilities, status, protocols, etc., can affect the feasible time scales for on/off adaptation. Legacy procedures such as handover, Scell activation/deactivation may be used to connect/disconnect a legacy UE to a cell:

· Utilizing handover procedure: The network may hand over a connected UE into or out of a small cell when it is on. The transitions generally take hundreds of milliseconds to a few seconds. RRC reconfiguration is generally needed.

· Utilizing SCell procedures: The network may activate/deactivate a configured SCell. The transitions generally take tens of milliseconds to hundreds of milliseconds, and RRC reconfiguration is generally not needed. On the other hand, to configure/release a SCell may take hundreds of milliseconds, and RRC reconfiguration is generally needed; however the configuring/releasing a SCell are needed only once in a while.

The feasible time scales based on legacy procedures are summarized in Table 7.1.1.3.1-1.
Table 7.1.1.3.1-1 Small cell on/off time scales based on legacy procedures

	Cases
	Explanations
	Time scales of ON/OFF

	1
	Time before a UE without CA capability can use a just turned on small cell
	2000 to 4000 ms order

The major delay is the time to detect new cell by UE inter-frequency measurement.

	2
	Time before a UE without CA capability can use an already on small cell
	100 to 150 ms order

	3
	Time before a UE with CA capability can use a just turned on small cell as SCell. 
More than CP length level synchronization between macro and small cell
	500 to 1000 ms order

The major difference from case 1 is intra-frequency measurement.

	4
	Time before a UE with CA capability can use an already on small cell as SCell
	80 to 120 ms order

	5
	Time required switching off a cell. All UEs in a small cell were RRC_CONNECTED
 and no Idle UE present in a cell. All UEs already reported measurement report 
as the target neighbor cells.
	100 to 150 ms order


The order of magnitude of feasible time scales using legacy procedures for small cell on/off mainly depend on UE capability (CA capable or not), UE status (idle, DRX, or continuous RX), and the frequency (inter-frequency or intra-frequency) of the cells. Small cell on/off is feasible at least at the seconds level when legacy mechanisms are used. 

The small cell on/off schemes that can be supported by legacy procedures include semi-static on/off based on traffic load, UE association, and/or based on data burst with transition time of a few hundred milliseconds (when all UEs connected to the cell are CA capable) to a few seconds. Small cell on/off with a short transition time might need new procedures. Cells with short time scale of small cell on/off are not expected to be able to serve legacy UEs without performance loss.
7.1.1.3.2 
Feasible time scales enhancements

Faster transitions for small cell on/off have also been discussed, mainly based on discovery enhancement and dual connectivity. 

· Utilizing discovery signals. Discovery signals may be sent from a turned-off small cell and UE can perform necessary measurements. The measurements may be utilized so that additional measurement duration after the cell is turned on can be significantly reduced (to, e.g. tens of milliseconds or even shorter).  

· Utilizing dual connectivity. Legacy handover procedures may be streamlined under the assumptions such as dual connectivity. Dual connectivity may allow a faster transition by reducing/eliminating the needs for handover to and from a small cell performing on/off. Once dual connectivity between a UE and a small cell is configured, the activation/deactivation of the cell based on a procedure similar to carrier aggregation may be used, and the time scale may be in the tens of milliseconds level or possibly even less. 

To summarize, with enhanced procedures based on discovery signals during small cell off and dual connectivity operations, small cell on/off feasible time scales can be reduced to less than 100milliseconds.

7.1.1.4
Potential impacts on network performance other than throughputs

· Other potential network impacts may include network coverage, legacy UE support, mobility, and energy consumption.  

· Network coverage and idle UE support can be ensured if a coverage layer (e.g. macro layer) exists.
· Mobility: Mobility aspects have not been discussed in RAN1.

· Energy consumption: reduction of energy consumption is expected, see 7.1.1.2.

7.1.1.5
Standards impacts for enhancements

Potential standards impacts for several enhancements of mechanisms and procedures for small cell on/off mainly include:

· Physical signals to assist adaptation, such as DL/UL discovery signals, see 7.2

· Enhanced network load/utilization metrics and exchange, see 7.1.4

· Enhanced procedures for reducing transition feasible time scales, such as simplifying/eliminating handover procedures by utilizing, e.g. dual connectivity, see 7.1.1.3.2.

· Procedures and measurements enhancements for coordinated network decision making 

There may also be impacts on other aspects, e.g. CSI feedback.
7.1.1.6
Conclusions
The following are concluded:

· Dormant mode based on the current RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme
· The gain increases with decreasing transition time. 

· The small cell on/off with reduced transition time can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures

· New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· To support an enhanced transition time reduction, discovery procedure/signal(s) is needed:
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL

· Note that QCL is not always necessary or possible depending on the procedure

· Note that all QCL features might not needed

· Need of RLM is FFS

· This may include support of discovery and measurement enhancement(s) in DL and its usage in related procedures
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