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1
Introduction

Semi-static ON/OFF is described in the small cell TR [1] in 7.1.1.1.1 as follows:
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. 
In RAN1#74bis, the evaluation results for semi-static ON/OFF did not show a clear trend yet with which times scales the semi static ON/OFF can be considered as feasible scheme as evaluation. Losses from semi-static ON/OFF were reported in [2] and [3], and gains in [4] and [5]. In this contribution we discuss the semi-static ON/OFF and we give our performance evaluations for semi-static ON/OFF with different time scales in Scenario 2a. 
2
Semi-static ON/OFF
The possible throughput gain from small cell ON/OFF comes from interference reduction if CRS transmission is ceased for a period of time. Another benefit is energy savings which however does not show in performance analysis. Potential throuhgput loss comes if the network is not able to serve the user when a cell is unavailable, or if the user is served by other small cells or macro with lower RSRP. Moreover, most harmful is the period of time that the cell is not available and it is polluting the network by CRS. Thus, the transition period during which the cell is interfering but not serving users should be minimized in order to benefit from semistatic ON/OFF [2]
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[3]. 
Observations:
· Decreasing the portion of time that both CRS is transmitted and the cell unavailable is crucial for semi-static ON/OFF to be considered as a feasible scheme.
Here we show our small cell semi-static ON/OFF results in Scenario 2a. In our evaluation and the turn-off is triggered when the packet call is completed and the cell is off and unavailable at least for X ms and does not transmit CRS. This ensures a certain level of energy saving achieved by a turn-off decision. New arriving users are served by other small cells or macro as that is the obvious solution for a user in a dense small cell network with macro coverage on top. When the cell becomes available again (after X ms), it starts transmitting CRS when a new user arrives. A DL based cell discovery is assumed thus it is assumed that the off cell is transmitting a discovery signal that auser may detect after the X ms. 
We simulated offered loads of 40, 60 and 90 Mbps per macro cell area (MCA). The rest of the assumptions can be found in the Appendix A. Tables 1-3 show the average resource utilization, average user throughput and cell edge user throughput for all users. Relative gains [% ] over the reference are given in parantheses. Instead of the ideal no CRS during the off period, a more realistic assumption is to transmit CRS for some Y ms out of this X ms, thus these result give an upper bound performance for the case the transition time with CRS is minimized.
Table 1. Semi-static ON/OFF results for offered load 40 Mbps.
	Cell closed at least X ms
	No ON/OFF
	100ms
	200ms
	300ms
	400ms

	CRE in dB
	0
	3 
	0
	3
	0
	3
	0
	3
	0
	3

	Average RU / macro
	0.43
	0.39
	0.37
	0.31
	0.39
	0.33
	0.40
	0.33
	0.41
	0.32

	Average RU /  pico 
	0.15
	0.16
	0.10
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.32

	Average user throughput [Mbps/User]
(gain in %)
	22.2
	22.0
	32.9 (48.2)
	32.9 (49.5)
	32.0 (44.1)
	32.6 (48.2)
	31.9 (43.7)
	32.3 (46.8)
	31.3 (41.1)
	31.6 (43.6)

	Coverage (5% CDF) [Mbps/User]
(gain in %)
	8.49
	8.54
	11.21 (32.0)
	11.27 (32.0)
	10.86 (28.0)
	11.40 (52.3)
	10.91 (28.5)
	11.02 (33.5)
	10.09 (18.8)
	10.31 (20.7)


Table 2. Semi-static ON/OFF results for offered load 60 Mbps.
	Cell closed at least X ms
	No ON/OFF
	100ms
	200ms
	300ms
	400ms

	CRE in dB
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3

	Average RU / macro
	0.73
	0.59
	0.66
	0.54
	0.70
	0.53
	0.69
	0.56
	0.72
	0.57

	Average RU /  pico 
	0.28
	0.31
	0.22
	0.23
	0.22
	0.24
	0.22
	0.25
	0.23
	0.26

	Average user throughput [Mbps/User]
(gain in %)
	17.3
	17.0
	23.5 (36.0)
	23.5 (38.2)
	22.6 (30.6)
	22.5 (32.4)
	22.2 (28.3)
	21.5 (26.5)
	21.0 (21.4)
	20.3 (19.4)

	Coverage (5% CDF) [Mbps/User]
(gain in %)
	5.41
	4.93
	6.55 (21.1)
	6.63 (34.5)
	6.17 (14.0)
	6.26 (27.0)
	5.58 (3.1)
	5.27 (6.9)
	4.88 
(-10.9)
	4.81            (-2.4)


Table 3. Semi-static ON/OFF results for offered load 90 Mbps.

	Cell closed at least X ms
	No ON/OFF
	100ms
	200ms
	300ms
	400ms

	CRE in dB
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3

	Average RU / macro
	0.94
	0.79
	0.92
	0.76
	0.92
	0.75
	0.94
	0.77
	0.94
	0.77

	Average RU /  pico 
	0.47
	0.56
	0.42
	0.50
	0.41
	0.51
	0.41
	0.51
	0.40
	0.50

	Average user throughput [Mbps/User]
(gain in %)
	11.9 
	11.5
	14.8 (24.4)
	13.7 (19.1)
	14.0 (17.6)
	12.9 (12.2)
	13.0 (9.3)
	12.3  (7.0)
	12.7 (6.7)
	12.0  (4.3)

	Coverage (5% CDF) [Mbps/User]
(gain in %)
	2.11
	2.49
	2.56 (21.3)
	2.73 (9.6)
	2.14
 (1.4 )
	2.29

(-8.0)
	1.84 
(-12.8)
	2.03

(-18.5)
	1.72
 (-18.5)
	1.86 (-25.3)


At low load, the gains are quite high due to absence of CRS interference even for X=400ms. When the load increases, the cell edge users start to suffer from lower RSRP to serving cell as X is increasing. Based on the ideal results, a cell can be closed when call ends for around 100-200 ms to save energy and get performance improvement, and even for 400 ms if some performance degradation is allowed.

In Tables 4-6 we show the corresponding results that take into account CRS or both CRS and the delay for arriving call to be started. In these results, when call ends, the cell transmits CRS for fixed 40 ms in all cases of different X ms, if a new user arrives during this 40 ms, the cell starts to serve that user and does not close. After the 40 ms, the cell remains unavailable for a period. The transition from OFF to ON takes also the same fixed 40ms and CRS is transmitted during that. Overall, the cell remains unavailable for X – 2x40 ms after a call ends. For example, if X = 100 ms, a new user can access the cell after 60 ms  (40 ms out of this CRS is transmitted) provided the cell closes. When a cell starts the OFF to ON transisions, also other users may access that cell and all calls start after the trasition time. 
Table 4. Semi-static ON/OFF results for offered load 40 Mbps – with CRS 40+40ms
	Cell closed at least X ms
	No ON/OFF
	100ms
	200ms
	300ms
	400ms

	Wake-up delay included
	-
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes

	Average RU / macro
	0.43


	0.44
	0.46
	0.47
	0.49

	Average RU /  pico 
	0.15


	0.11
	0.11
	0.11
	0.11

	Average user throughput [Mbps/User]
(gain in %)
	22.2


	32.4
(46.0)
	24.5
(10.3)
	31.6 (42.3)
	24.1 (8.6)
	30.3 (36.5)
	23.4 (5.4)
	30.6 (37.8)
	23.6 (6.3)

	Coverage (5% CDF) [Mbps/User]
(gain in %)
	8.49


	9.34 (10.0)
	8.31 (-2.1)
	8.91 (4.9)
	8.13 (-4.4)
	8.62 (1.5)
	7.72 (-10.0)
	7.97 (-6.5)
	7.38 (-15.0)


Table 5. Semi-static ON/OFF results for offered load 60 Mbps – with CRS 40+40ms
	Cell closed at least X ms
	No ON/OFF
	100ms
	200ms
	300ms
	400ms

	Wake-up delay included
	-
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes

	Average RU / macro
	0.73
	0.70
	0.72

	0.73
	0.76

	Average RU /  pico 
	0.28
	0.22
	0.22

	0.23
	0.24

	Average user throughput [Mbps/User]
(gain in %)
	17.3
	23.2 (34.1)
	18.8 (8.7)
	22.3 (29.0)
	18.2 (5.2)
	21.4 (23.7)
	17.7 (2.3)
	20.5 (18.5)
	17.1 (-1.1)

	Coverage (5% CDF) [Mbps/User]
(gain in %)
	5.41
	5.74 (6.1)
	5.35 (-1.1)
	5.30 (-0.2)
	4.94 (-9.5)
	4.93 (-9.7)
	4.53 (-19.4)
	4.56 (-18.6)
	4.29 (-26.1)


Table 6. Semi-static ON/OFF results for offered load 90 Mbps – with CRS 40+40ms
	Cell closed at least X ms
	No ON/OFF
	100ms
	200ms
	300ms
	400ms

	Wake-up delay included
	-
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes

	Average RU / macro
	0.94
	0.91

	0.95

	0.96
	0.96

	Average RU /  pico 
	0.47
	0.40
	0.41
	0.41
	0.41

	Average user throughput [Mbps/User]
(gain in %)
	11.9 
	14.8 (24.4)
	12.8 (7.6)
	13.5 (13.4)
	11.8 (-0.8)
	13.0 (9.2)
	11.5 (-3.5)
	12.2 (2.5)
	10.9 (-9.1)

	Coverage (5% CDF) [Mbps/User]
(gain in %)
	2.11
	2.17 (2.8)
	2.12 (0.5)
	1.92 (-9.9)
	1.88 (-12.2)
	1.70 (-24.1)
	1.68 (-25.6)
	1.45 (-45.5)
	1.44 (-46.5)


From these results it can be seen that when the delay to turn on a cell is taken into account, the gains are decreased drastically. The effect of CRS is more severe for cell edge user at high load. With high load the portion of CRS out of the time the cell is closed is larger than at low loads but on the other hand, a cell can be accessed when it transmits CRS and that benefits especially cell center UEs. In Table 7, a median call duration is shown for all simulated loads and X ms values. 
Table 7. Median call duration for different loads, packet size 4 Mbits
	Load [Mbps]
	X = 100 ms
	X = 200 ms
	X = 300 ms
	X = 400 ms

	40
	182 ms
	185 ms
	194 ms
	196 ms

	60
	257 ms
	268 ms
	283 ms
	297 ms

	90
	412 ms
	452 ms
	477 ms
	506 ms


Observations:
· CRS interference is decreasing UTP especially for cell edge users at high traffic load.  
· Especially at high load, cell center users benefit from cell being accessible while CRS is transmitted.
· Taking into account call waiting time in UTP decreases gains drastically.
· A cell can be closed for a fixed time duration with thoughput benefits if transmission of CRS is limited to some tens of ms and a call waits for maximum of 40 ms.
· The fixed time duration depends on load.
From the results it may be deduced that, especially at higher loads, there is a new user arriving soon after the X ms as increasing X affects the gains, and only reason for performance degradation is a user being served by non best cell. Thus, these results can be considered to be somewhat equivalent to results where a cell automatically becomes available after X ms. In this kind of scheme, if the ON/OFF does not cause coverage holes, there is no need for a discovery signal or for other cell wake up procedure and yet some performance gain can be expected.
Observation:

· If the cell off period is fixed and it starts transmitting CRS after the period, small cell ON/OFF is possible without a turned-off cell discovery mechanism in scenarios where ON/OFF does not cause coverage holes.
3 
Conclusions

In this contribution we have discussed the semi-static ON/OFF for small cells and provided some simulations results. We make the following observations: 
Observations:
· CRS interference is decreasing UTP especially for cell edge users at high traffic load.  

· Especially at high load, cell center users benefit from cell being accessible while CRS is transmitted.
· Taking into account call waiting time in UTP decreases gains drastically.

· A cell can be closed for a fixed time duration with thoughput benefits if transmission of CRS is limited to some tens of ms and a call waits for maximum of 40 ms.
· The fixed time duration depends on load.
· If the cell off period is fixed and it starts transmitting CRS after the period, small cell ON/OFF is possible without a turned-off cell discovery mechanism in scenarios where ON/OFF does not cause coverage holes.
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Appendix A – Simulation assumptions

	Parameter
	Value

	Simulated SCE scenario
	2a, 1 cluster, 10 SCs / cluster

	Carrier frequency
	2.0 GHz for macro, 3.5 GHz for pico

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation for feedback
	Realistic CSI-RS

	Channel estimation for demodulation
	Realistic DM-RS

	UE feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 10 ms reporting interval

	Scheduler
	TD-PF/FD-PF

	Traffic model
	FTP model 1, buffer size 0.5 Mbytes

	Offered load
	40, 60 and 90 Mbps/MCA

	Cell selection method
	RSRQ

	RSRQ CRE between layers
	0 and 3 dB

	RS overhead
	CRS: 2 CRS Rel´8 legacy overhead
DM-RS: 12RE/PRB 
CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel modelling
	Only overhead (3 OFDM symbols) modeled

	HARQ
	Max 4 retransmission, chase combining

	Cell DTX
	Baseline: Disabled (CRS transmitted from all cells), semi-static ON/OFF : Enabled (CRS transmitted only from active cells)


