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1. Introduction

At the RAN WG1 #74 meeting, the evaluation results for small cell on/off features were presented [1] – [5] and the gains are summarized in [6]. Although the study was deemed to be nearing completion, there were some points to be clarified with regard to the mechanism to turn on/off the small cells, e.g., definition of the off-state of the small cells and the time scale for transition from off to on-states. Thus, the study item (SI) of small cell enhancement (SCE) was postponed until this December and companies were encouraged to further clarify the small cell on/off mechanism and the related specification impacts. In [6], we proposed DL-based small cell on/off using a discovery signal in Rel-12. In this contribution, we provide details regarding a small cell on/off using small cell discovery signal as well as other small cell on/off schemes.
2. Small Cell On/Off Mechanism Using Discovery Signal
2.1. Applicable Scenarios for Small Cell On/Off 
In this section, we present the DL-based small cell on/off scheme using a discovery signal. We consider SCE scenarios 2a/2b as the scenarios applicable to small cell on/off with the assistance of small cell discovery as shown in Fig. 1. The feature of small cell on/off is applied in the presence of macro cell coverage and the UEs in the idle mode are supported in the macro cell layer. In our view, the small cell on/off would be applied when the small cells are densely deployed and the CRS interference is a significant issue. Small cell on/off is then applied when larger portions of small cells and UEs support the mechanisms to enable small cell on/off, i.e., efficient small cell discovery. 
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Figure 1 – Applicable scenario for small cell on/off
Taking the above scenario into account, we assumed the following concerning small cell on/off using discovery signals.

· Small cell states
· On state: A small cell transmits all DL signals including the CRS, PSS/SSS, data and discovery signal
· Off state: A small cell does not transmit the DL signals except for the discovery signal. Namely, a small cell in this state transmits the discovery signal only in a bursty manner as described below.
· UE behaviors

· The UE needs to perform measurement for both on and off small cells based on the discovery signal in order to utilize the appropriate small cell quickly.
· There is no clear motivation for the UE to know whether the small cell is on or off in the procedure explained below.

· Handling of idle mode UE
· Since the UE in the idle mode is supported in the macro cell layer, the functionalities related to small cell on/off would not need to be supported for the UEs in the idle mode.

· We do not see anything special to prevent the idle and/or legacy UEs from connecting to the small cells with on/off functionalities.

2.2. Small Cell On/Off Mechanism
Based on the described assumptions, we provide detailed procedures to turn on the small cell using the small cell discovery signal. Figure 2 shows the sequence that is involved with the small cell on/off for the macro cells, small cells, and UEs. The Rel-12 UEs are first configured with the parameters for the discovery signals via RRC signaling transmitted from the macro serving cell. The UE monitors the discovery signals transmitted in the configured subframe(s) and perform intra-frequency or inter-frequency measurement for both on- and off-state small cells. Based on the measurement reports from the UE and/or information regarding the traffic load for each small cell, the macro cell configures or activates the small cell for the UE. If the corresponding small cell to be used is in the off state, the macro cell turns this small cell on, i.e., the small cell starts to transmit the DL signal such as the PSS/SSS, CRS, or CSI-RS. Finally, the UE performs the RACH procedure to utilize the small cell as an SCell. 
In the above procedure, the transition time from the off-state to data transmission in the on-state includes the RACH procedure and the CSI measurement, and it adds up to an order of a few tens of milliseconds. The reason for such a short transition time is that the UE does not need to perform a new measurement during the transition time. The measurement for the off-state small cells is continuously performed using the discovery signal. 
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Figure 2 – Procedure for small cell on/off using discovery signal
2.3. Performance Evaluation
We show the UE throughput performance to clarify the gain from small cell on/off using a discovery signal for SCE scenario 2a. We compare the UE throughput performance levels for the small cell on/off scheme using discovery signal, the scheme without small cell on/off, and an implementation-based small cell-on/off scheme. The UE throughput levels for the first two schemes are the same as those described in [5]. For the implementation-based scheme, 2 or 4 out of 10 small cells to be turned off during the evaluation are randomly chosen. Table AI in the Annex gives the simulation conditions. The number of clusters per macro cell is set to one. The RSRQ is used for cell association between the macro cell and small cell layers, and the bias value for cell association is set to 6 dB so that resource utilization for the macro cell and small cell layers becomes almost the same. A configuration of six MBSFN subframes is assumed for all the schemes. For the small cell on/off scheme using a discovery signal, the transition time from off-state to data transmission is set to 40 msec and that from the on-state to off-state is assumed to be 50 msec [5], [7]. We assume that only the RS is transmitted in the discovery signal subframe and data cannot be scheduled. One discovery signal subframe is transmitted every 200 subframes. 
Tables I and II show the 5%, 50%, and 95% UE throughput performance as well as the resource utilization (RU) for the arrival rates of 8, and 12 which approximately correspond to the resource utilization of 20%, and 40%, respectively. We find that the small cell on/off scheme using a discovery signal exhibits the highest UE throughput regardless of the traffic loads. In this scheme, CRS interference occurs only during the transition time to data transmission and the influence from the CRS interference can be minimized. On the other hand, the UE throughput of the implementation-based small cell on/off scheme is degraded in most cases although a slight gain is observed for the lower traffic load case. This is because the small cells to be turned off are randomly selected and are not adapted to traffic variation. 
Observation: The small cell on/off scheme using a discovery signal exhibits substantial gain in UE throughput compared to the implementation-based small cell on/off scheme.
Table I – UE Throughput Performance for Arrival Rate of 8
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12.9%  87.1%  10.15  5.09  5.24  22.28  12.12  12.90  38.10  28.99  32.79  15.70  19.91  19.52 
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Table II – UE Throughput Performance for Arrival Rate of 12
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3. Other Small Cell On/Off Mechanisms
For the small cell on/off schemes, the UL-based small cell on/off scheme can be considered, which would be actualized through implementation of small cells. If off-state small cells can detect the presence of the UL signals from the UE, those dormant small cells would be turned on as shown in Fig. 3(a). After turning on the small cells, a new measurement for those small cells must be performed. Such a new measurement after turning on the small cell causes a longer delay to data transmission and may have an impact on the measurement for UEs connected to the surrounding small cells and cause handover for some UEs. Such a delay due to the new measurement apparently degrades the UE throughput performance as described in [5]. In order to avoid such a delay for new measurement, as shown in Fig. 2(b), the SCell is first selected among the on-state small cells, i.e., Cell #1. When the measurement reports for the small cell that was just turned on by the UL signal become available, the UE is handed over to that small cell, i.e., Cell #2. However, the small cell that was just turned on by the UL signal cannot be initially used. There is also interruption due to the handover that degrades the throughput performance further. 
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(a) Best small cell including off-state small cells is selected
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(b) Best small cell among on-state small cells is first selected
Figure 3 – UL-based small cell on/off scheme
4. Conclusion
In this contribution, we presented details regarding the small cell on/off scheme using discovery signals. We found that the key point to reducing the transition time to data transmission and minimizing the CRS interference is to enable the UE to perform the measurement for both the on-state and off-state small cells. In order to achieve such a measurement, we consider that a bursty transmission of the DL signal, i.e., discovery signal, is an essential feature. We also note that there are some other usage cases for the small cell discovery that are described together with the detailed design of the discovery signal in our companion documents [8], [9]. In summary, our proposal is as follows.
Proposal: Strive for specification of enhanced measurement and a discovery signal to facilitate efficient small on/off operation in Rel-12.
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Annex

Table AI.  Simulation Conditions
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Macro cell

Small cell

Cell deployment Hexagonal grid, 3 sectors per site, 

scenario 2a. 7 Macro sites

Clusters uniformly random within 

macro area; small cells uniformly 

random dropping within cluster area

System bandwidth per carrier  10 MHz

Number of carriers 1

1

Carrier frequency 2.0 GHz 

3.5 GHz

Total BS TX power 46 dBm

30 dBm

Distance-dependent path 

loss/penetration/shadowing

ITU Uma with 3D distance

ITU UMiwith 3D distance

Number of small cells 1 cluster per macro sector, 10 small cells per cluster;

Traffic model FTP traffic model 1, 0.5 Mbytes

UE distribution 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs 

randomly and uniformly dropped throughout the macro geographical area. 

20% UEs are outdoor and 80% UEs are indoor.

Cell selection criteria RSRP for intra-frequency and RSRQ for inter-frequency, with cell common 

bias if CRE is applied.

UE receiver MMSE-IRC

UE moving speed 3 km/h

Antenna configuration 2x2, CPA

MIMO scheme Single point transmission with SU-MIMO,

Rank adaptation up to rank 2

Control delay 6 ms

CSI-RS channel estimation Non-ideal without a priori PDP information

DM-RS channel estimation Non-ideal 

Overhead PDCCH (2 symbols), DMRS (12 REs per RB), CRS (2 ports in 4/10 non-

MBSFN subframes)
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