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Way forward

RAN1 discussed feasible time scales based on legacy procedures and TR on SCE PHY [1] captures following in section 7.1.1.3.1. Our understanding is these values correspond to the feasible number based on current existing RAN3 mechanism, which is the starting point for possible enhancement related to small cell semi-static on/off.
	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. On the other hand, dynamic small cell on/off at the time scale of subframe level is not backward compatible. 


How above values are obtained is described in [2]. The majority of the time spent on above a few hundred milliseconds to a few seconds is spent by "time to detect new cell by UE intra freq measurement" which is concluded as 400-800ms and "time to detect new cell by UE inter freq measurement" which is concluded 1920-3840ms. 

In order to reduce the delay to the time order less than 100ms, to reduce "the time to detect new cell by UE intra/inter frequency measurement" is essential as these are already more than 100 ms. The only way to realize to  reduce "the time to detect new cell by UE intra/inter frequency measurement" is to enable RRM measurement is carried out even small cell is OFF. Then the delay cause by the time to detect new cell by UE intra/inter frequency measurement can be zero.
The performance difference between more than 100ms and less than 100ms transition delay is shown in TR on SCE PHY. Table 7.1.1.1.1-3 attached in Annex shows the gain in case less than 100ms. Table 7.1.1.1.1-4 shows the gain in case of more than 100ms. Compared to the case of more than 100ms transition delay, significant gain is seen in case less than 100ms transition delay. As described above, the transition time less than 100ms can be realized only when RRM measurement is carried out even small cell is off. All evaluation results in Table 7.1.1.1.1-3 and corresponding significant gain are based on assuming that RRM measurement is reliably performed for OFF cells.
Therefore we think following is the valid conclusion.

· Alt. 2: Evaluation compared to existing scheme is already done, RRM measurement shall be carried out even small cell is OFF.  

Note that RRM measurement include the detection of new cell(s) in addition to RSRP/RSRQ measurement.
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Annex
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%
	
	


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%

	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
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