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1. Introduction

In the study phase of small cell enhancement (SCE), small cell on/off was identified as a candidate technique to mitigate severer interference from CRS and to boost the UE throughput of the small cell layer. Scenarios 2a/2b where the macro and small cell layers are deployed using separate frequencies represent one target for small cell on/off. Hence, small cell on/off mechanisms were considered in the operation of CA. It was concluded that reducing the transition time from the off-state to data transmission can improve the performance and that a discovery procedure/signal(s) is needed to support enhanced transition time reduction [1]. Accordingly, the new work item for SCE was approved with the following objectives [2].
· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· 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
There are other methods that can avoid CRS interference with a negligible transition time, i.e., dynamic small cell on/off and small cell operation with a sector-aligned CRS shift (same cell ID operation). These operations, especially dynamic small cell on/off, become a candidate operation in the future to avoid CRS interference contamination. In addition to interference avoidance, it is highly desired to facilitate cell planning in dense small cell deployment scenarios. In this contribution, we discuss efficient small cell on/off mechanisms using a discovery signal considering the above aspects. 
2. Efficient Small Cell Operations to Reduce Transition Time and to Facilitate Cell Planning
In this section, we present solutions to reduce the transition time from the off-state to data transmission, which was found to be an important factor in the UE throughput performance. Scenarios 2a/2b are considered as the scenarios applicable to small cell on/off with the assistance of small cell discovery as shown in Fig. 1. The feature of on/off is applied only to the small cell layer and UEs in the idle mode should be supported in the macro cell layer. In other words, support for the idle mode UE in the small cell layer is not required. 
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Figure 1 – Scenario for small cell on/off. 

In small cell on/off with CA, the following procedures are assumed. While the small cell on the SCell is in the off-state, the SCell remains de-activated for all the UEs. Once data traffic occurs, the UE is indicated by MAC signaling from macro cell to activate the SCell. The small cell is turned on at the same time to start to transmit the PSS/SSS, CRS, and PBCH. The UE performs synchronization, the RACH procedure, and CSI measurement before data transmission, which is regarded as a delay. In the CA procedure with small cell on/off, what is needed is to enable the UE to perform the measurement for both the on-state and off-state small cells, i.e., a discovery procedure signal(s) is needed. Details regarding the design for the discovery signal are described in our companion document [3]. 
To reduce further the delay to data transmission and improve the performance, the most straightforward way is not to transmit the CRS irrespective of whether there is data traffic or not at the expense of backward compatibility. For actualizing no CRS transmission, there are two methods, (1) dynamic small cell on/off and (2) the same cell ID operation, which were discussed in the study item phase. It would be true that a backward compatibility should be maintained in Rel-12 SCE, but a forward compatibility in the future releases should be also taken into account for the discovery signal design since it would be introduced in Rel-12 timeframe and should be used in the following several releases. Below, we consider both dynamic small cell on/off and the same cell ID operation for the design of discovery signal. . 
(1) Dynamic small cell on/off [4]
A dynamic small cell on/off scheme was evaluated in [1] where the off-state small cell is immediately turned on for use when data traffic occurs. According to [1], the dynamic small cell on/off scheme is found to provide larger gains compared to a six MBSFN subframe configuration since a delay to the data transmission is not taken into account. In order to achieve a very short transition time, i.e., a few milliseconds, a new physical layer procedure is required. An example for such a procedure is described below. 

· The UE performs measurements for the small cell layer using the discovery signal.

· The discovery signal is transmitted from all the small cells in a burst manner with a relatively longer periodicity [3].

· Some other DL signals, e.g., CSI-RS for CSI measurements, may also be transmitted from all the small cells irrespective of whether or not there is data.

· The UE is configured with an SCell according to the measurement reports (MRs) and is provided with parameters related to CSI measurement.

· Even if there are no data, the UE may perform CSI measurements for the configured SCell and may monitor the PDCCH or EPDCCH less frequently than in the normal operation.

· According to the arrival of a packet, the UE can receive the DL data immediately.

· Once the UE receives the PDCCH, the UE monitors the PDCCH or EPDCCH every subframe.

We note that there are fewer usage cases for the CRS in the above procedure and this will be true for most future small cell operations. Therefore, we feel that it would be an appropriate timing to reconsider such usage of the current CRS associated with cell IDs and to design discovery signal considering a future dense small cell deployment scenarios. More specifically, it should be designed considering the future cell planning effort and interference avoidance among discovery signals. Such a design can be achieved by supporting the CSI-RS-based measurement or by decoupling cell IDs from the CRS if the CRS is present.

(2) Same cell ID operation [1]
When using the sector-aligned CRS shift, we assume that the CRS shift is aligned among the small cells of the same cluster. There is no CRS interference in the same cluster of the small cells and CRS interference from neighboring clusters can be ignored. In this case, gains from semi-static small cell on/off are very limited. In other words, the gain from CRS avoidance is sufficiently achieved by the same cell ID operation. In the same cell ID operation, from the viewpoint of cell planning, it is also desired not to rely on the CRS associated with the cell ID. 
In order to verify the gain from the CRS interference avoidance by the same cell ID operation using a discovery signal, we show the UE throughput performance. We compare the UE throughput performance levels for the same cell ID operation, different cell ID operation applying small cell on/off, and the case without small cell on/off. Table AI. in the Annex gives the simulation conditions. 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 5 dB so that resource utilization (RU) 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 same cell ID operation, the CSI-RS-based measurement is assumed since each cell or TP cannot be identified through the CRS with the same cell IDs. Procedure similar to dynamic on/off as described above is also assumed, but the CRS is present for fair comparison in terms of the overhead. For the small cell on/off scheme using a discovery signal, the transition time from the off-state to data transmission is set to 40 ms. Table I summarizes the values for the 5%, 50%, and 95% UE throughput performance, cell association ratio, and resource utilization for the arrival rate of 16, which approximately corresponds to the resource utilization of 50% The 5% UE throughput performance of the same cell ID operation is slightly worse than that for the small cell on/off due to CRS interference from other clusters with different CRS shifts. On the other hand, the 50% and 95% UE throughput performance of the same cell ID operation is superior to that for the small cell on/off since the transition time is not needed. The same cell ID operation with CSI-RS based measurement achieves almost the same capability level to avoid CRS interference as that for small cell on/off.
Table I – Throughput Performance for Arrival Rate of 16
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In future dense small cell deployment, more efficient operations such as dynamic on/off and same cell ID operation would be a preferred choice. A discovery signal is essential to realize those operations, and should be designed considering these operations. Especially, the future cell planning and interference avoidance should be taken into for the discovery signal design in dense small cell deployments. According to the above discussion, we propose the following.

Proposal 1: The Rel-12 discovery signal should be designed considering dynamic small cell on/off and the same cell ID operation.

Proposal 2: Cell identification/ measurement mechanisms based on CSI-RS should be supported for efficient small cell operation and for facilitating small cell planning.

We note that the proposed discovery signal would also benefit cell planning and interference avoidance for the semi-static small cell on/off based on the CA activation/deactivation while retaining the backward compatibility.

3. Conclusion
In this contribution, we discussed efficient small cell on/off mechanisms using a discovery signal that reduces the transition time from the off-state to data transmission. We considered dynamic small cell on/off and the same cell ID operation as the way to reduce the transition time. Since these techniques would be effective and applied in dense small cell deployment scenarios, the benefits in terms of cell planning effort are also worth consideration. To actualize efficient small cell operation such as dynamic small cell on/off and to alleviate future cell planning effort, we propose the following.
Proposal 1: The Rel-12 discovery signal should be designed considering dynamic small cell on/off and the same cell ID operation.

Proposal 2: Cell identification/ measurement mechanisms based on CSI-RS should be supported for efficient small cell operation and for facilitating small cell planning.
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Annex

Table AI.  Simulation Conditions
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Assumptions

Macro cell Small cell

Cell deployment

Clusters uniformly random within
macro area; small cells uniformly
random dropping within cluster area

Hexagonal grid, 3 sectors per site,
scenario 2a. 7 Macro sites

System bandwidth per carrier | 10 MHz

Number of carriers 1 1
Carrier frequency 2.0 GHz 3.5GHz
Total BS TX power 46 dBm 30 dBm

Distance-dependent path
loss/penetration/shadowing

ITU Uma with 3D distance ITU UMi with 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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5% UE throughput

Methiod i 50% UE throughput 95% UE throughput RU(%)
Macro | Small | Macro | Small | Total | Macro | Small | Total | Macro | Small | Total | Macro | Small | Total
Baseline |15.32% | 84.68% | 5.73 2.49 2.60 14.49 7.80 8.66 49.69 | 26.95 | 32.00 | 49.77 | 49.69 | 49.69
Small cell 3:27 10.13 33.61
onfoff 14.10% | 85.90% | 5.73 3.08 (25.8%) 15.56 9.49 (17.0%) 48.78 | 30.25 (5.0%) 4531 | 41.27 | 41.63
Same cell ID 3.03 10.18 39.22
operation 14.08% | 85.92% | 5.81 2.90 (16.5%) 15.63 9.52 (17.6%) 51.28 | 35.09 (22.6%) 44.09 | 40.73 | 41.03




