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1 Introduction
In the last RAN1 meeting, it was agreed that the performance benefits of small cell on/off with feasible time scale require further study [1]. 
This contribution shows the evaluation of small cell on/off switching with a feasible time scale. The parameters for evaluating small cell on/off were merged with the parameters for the performance comparison of S-NCT and BCT based on the corresponding RAN1 email discussion [2]
2 Discussion
2.1 Simulation Scenarios
2.1.1 Small Cell OFF state
We consider the following three cases in terms of small cell OFF state behaviour: 
· Case A: Nothing is transmitted in OFF state
UEs cannot discover small cells in OFF state
· Case B: Only discovery signal is transmitted in OFF state
UEs can discover the small cell and estimate the cell quality by means of discovery signal measurements. IDLE mode UEs are not supported since SIBs and paging messages are not transmitted in OFF state.
· Case C: Discovery signal, CRS and common control signal are transmitted in OFF state
This corresponds to standard Rel-8 behaviour; the small cell does just not transmit any user data in form of PDSCHs. The small cell is actually always in ON case. UEs can therefore always discover and measure the small cell. IDLE mode UEs are supported since SIBs are transmitted.
2.1.2 Procedure and delay before switching to ON state
The general assumption is that a small cell is switched on if a UE in the coverage area of the small cell has to be served by downlink data transmissions. The latter corresponds to an FTP request for that UE under the current simulation assumptions at RAN1.
2.1.2.1 Procedure and delay in Case A

The UE that was the reason for switching on the small cell has to perform inter-frequency measurement after small cell has been switched on. Corresponding to the related RAN1 email discussion [73-04] after RAN1#73, the incurred delay before the small cell that has been switched on can be used for PDSCH transmissions would be between 2015.5 ms and 3935.5 ms. This delay would also affect already active UEs (served by downlink data) that are candidates for being handed over to the just switched on small cell in order to perform load balancing. This delay has a severe impact on the user throughput. The delay is that large since UEs that are not CA capable have to perform a complete handover procedure after the small cell has been switched on. The detailed procedure is shown in Figure 1.
The simulation assumptions agreed a corresponding email discussion [2] define FTP Model 1 as the required traffic model. Since the assumption is in that case that a UE that corresponds to an arriving FTP request performs a cell association only ones at the time of generation. Target cell is not decided before FTP request is generated. Then handovers will never occur during serving an FTP request. Due to that restriction we did not see the need for further evaluating that case. 
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Figure 1: Procedure and delay in Case A
2.1.2.2 Procedure and delay in Case B

The UE can discover and measure the small cell by means of a discovery signal even if the small cell is in OFF state. However, a delay of 15 ms is still incurred since RACH still has to be performed before downlink data can be transmitted. Traffic delay for NW initiated packet depends on DRX cycle and has big impact to user throughput. We evaluated only UE initiated packet case. 
The small cell is categorized as non-standalone NCT (NS-NCT) or “partial” BCT. The “partial” BCT means it is not BCT since only discovery signal is transmitted in OFF state, i.e. no support of IDLE UEs. We further assume PRS like signal as discovery signal, where the discovery signals of all small cell are transmitted in an aligned fashion. The procedure is shown in Figure 2. 
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Figure 2: Procedure and delay in Case B

2.1.2.3 Procedure and delay in Case C

The UE can discover and measure the small cell all the time since there is no interruption of discovery signal and CRS transmissions. IDLE mode UEs are also supported. The incurred delay before downlink data transmission can start is the same as in Case B. The acquisition of uplink timing is required if it is assumed that a UE is configured with a long DRX due to missing data traffic. The small cell would be categorized as BCT or standalone NCT (S-NCT) since it transmits discovery signal, MIB/SIBs and CRS all the time. We evaluate the case with discovery signal as it can reduce the measurement gap period, larger cell range extension offsets and so on [4]. SIBs and CRS cause interference even when the small cell is in OFF state (no transmission of downlink data traffic).  The detailed procedure is shown in Figure 3.
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Figure 3: Procedure and delay in Case C

2.2 Evaluation of Small Cell ON/OFF with feasible time scale
We evaluate the following cases based on above simulation scenario:
· Small cells always transmit discovery signal, CRS and common control signals corresponding to Case C. We call this as “always on” in the following.
1. Small cells use BCT with 6 MBSFN subframes

2. Small cells use S-NCT

· Small cell on/off scheme, which corresponds to Case B

3. Small cells use “partial BCT” with 6 MBSFN subframes

4. Small cells use NS-NCT 
We assume that PRS is used as discovery signal and sent every 200 ms in all cases. The overhead induced by this discovery signal is 0.4% per radio frame. PSS/SSS is not sent in NCT. PSS/SSS is sent in BCT in addition to PRS. The overhead induced by SIBs is 1.4% per radio frame regardless of BCT or NCT. SIBs are transmitted in the subframe with CRS in PDSCH region in BCT and the subframe with CRS in NCT. The delay of 14.5ms before the traffic is rounded to 15ms in the evaluation.
Resource Utilization

In current simulation assumption, the resource utilization in the most loaded layer is set to 60%, 40%, and 20%. The resource utilization of macro cells and small cells are shown in Table 1. The most loaded layer is in all cases the macro cell layer; resource utilization on the small cell layer is very low since cell range expansion for these cells is not considered  in the current simulation assumptions.

Table 1: Resource Utilization (RU) of macro cell and small cell
	Target RU in most loaded layer [%]
(arrival rate)
	Scheme
	Small cell type
	RU in macro cell[%]
	RU in small cell[%]

	60
(= 9.1[per second])
	Small cell always ON
	BCT
	62.93
	25.96

	
	
	NCT
	62.21
	25.70

	
	Small Cell ON/OFF
	BCT
	60.00
	22.30

	
	
	NCT
	60.16
	22.60

	40
(= 6.3[per second])
	Small cell always ON
	BCT
	41.78
	14.84

	
	
	NCT
	41.94
	14.76

	
	Small Cell ON/OFF
	BCT
	39.86
	12.43

	
	
	NCT
	40.05
	12.44

	20
(= 3.1[per second])
	Small cell always ON
	BCT
	20.21
	5.80

	
	
	NCT
	20.70
	5.68

	
	Small Cell ON/OFF
	BCT
	19.74
	4.63

	
	
	NCT
	19.72
	4.70


User Throughput Evaluation

Figure 4 shows the user throughput CDFs for small cell UEs depending on the resource utilization. It can be seen that small cell ON/OFF scheme provides large gains regardless of the small cell type (BCT or NCT) under all traffic load conditions. It has to be kept in mind that the small cell layer is in all cases lightly loaded since no cell range expansion is applied for small cells. 
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Figure 4: Small cell UE throughput depending on resource utilization (RU)
2.3 Evaluation of Small Cell ON/OFF under high traffic load conditions
In agreed simulation assumption, the load of small cell is light. Having larger cell association bias to small cell is necessary for high load condition of small cell but for the simpler evaluation, we evaluated only small cell condition. For high load condition, high arrival rate() is evaluated.
Resource utilization

Table 3 show the resource utilization of small cells depending on the FTP request arrival rate. When comparing the results with the ones from Section 2.2 it has to be kept in mind that all UEs have to be associated here to small cells, even low geometry UEs that would normally associate to a macro cell. In addition, the amount of available resources itself is reduced from 2 x 10MHz to 1 x 10MHz. Therefore, direct comparison with Section 2.2 regarding the relation between arrival rate and resource utilization is not possible. 
Table 3: Resource Utilization (RU) of small cell
	Arrival rate [per second]
	Scheme
	Small cell type
	RU in small cell [%]

	8.3

	Small cell always ON
	BCT
	58.43

	
	
	S-NCT
	58.56

	
	Small Cell ON/OFF
	Partial BCT
	55.82

	
	
	NS-NCT
	56.31

	6.7
	Small cell always ON
	BCT
	41.80

	
	
	S-NCT
	42.15

	
	Small Cell ON/OFF
	Partial BCT
	38.81

	
	
	NS-NCT
	39.13

	4.0
	Small cell always ON
	BCT
	21.09

	
	
	S-NCT
	21.17

	
	Small Cell ON/OFF
	Partial BCT
	18.78

	
	
	NS-NCT
	18.72


User Throughput Evaluation

Figure 4 shows the user throughput CDFs for small cell UEs depending on the resource utilization. Corresponding to the lightly loaded case in Section 2.2, it can be seen that small cell ON/OFF provides large gains regardless of the small cell type (BCT or NCT) It is also revealed that the performance gains achieved by making use of small cell ON/OFF are reduced when the traffic load is increased. The reason for this is seen in the reduced amount of OFF periods in case of high traffic load.
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Figure 4: Small cell UE throughput depending on arrival rate (Left is BCT, Right is NCT)

3 Summary

In this contribution, we have presented and discussed user throughput performance results achieved by making use of Small Cell ON/OFF. We considered both lightly loaded and heavily loaded small cell layers.
Based on the presented results, we draw following conclusions;

· Small Cell ON/OFF  provides significant performance gain regardless of the small cell type (BCT or NCT)
· The relative throughput performance gains achieved by operating Small Cell ON/OFF depend on the resource utilization; the larger the resource utilization, the smaller the relative performance gain.
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Annex A – Simulation Assumptions
Table 3  Simulation Assumptions

	Simulation parameters
	Value

	Deployment 
	Scenario 2a
Outdoor small cell cluster, 1 cluster per macro cell area
4 small cells per cluster

	Layout
	7 cell sites – 21 macro cells (ISD 500m) with wrap around techniques

	Channel model
	based on [3]

	Tx power
	Small cell   30dBm 

	Traffic load
	Resource utilization of most loaded layer is {20%, 40%, 60%}

	Traffic model
	FTP model1

	PDCCH overhead
	2 symbols

	CRS overhead
	4 subframes in BCT with 2 CRS ports
2 subframes in NCT with 1 CRS port

	Cell association
	RSRP for intra-frequency and RSRQ for inter-frequency
RSRQ + bias with realistic buffer, Bias of 0 dB


18.1% gain





22.2% gain





19.6% gain





24.0% gain





20.4% gain





11.1% gain





10.5% gain





20.9% gain
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