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1. Introduction
As described in the SID of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical layer aspects,” one of the objectives is given hereafter [1].
· Mechanisms for efficient discovery of small cells and their configuration

On one hand, RAN2 discussed small cell discovery in the email discussion “[81#32] LTE/SCE: Analysis of expected challenges in small cell deployments” and the rapporteur’s summary on this topic is described as follows [2].
Proposal 8:
Small cell discovery is removed from the expected challenges in the higher layer study. RAN2 should wait for the outcome of the HetNet WI and the progress of other WGs for their new findings.

Therefore, RAN1 should study methods for efficient small cell discovery considering the possibility of new physical channels/mechanisms and would submit new findings to RAN2. In this contribution, we describe our views on enhanced small cell discovery.
2. Target Scenarios
Currently, we have the following target scenarios for enhanced small cell discovery regarding Rel. 12 SCE. In other words, they might not be fully covered by possible solutions discussed in HetNet mobility enhancement SI/WI [3].
· Inter-frequency small cell discovery for a large number of frequency carriers
· Intra-frequency and inter-frequency small cell discovery in a super-dense deployment

· Efficient discovery of dormant small cells
In the following subsections, motivations for the above target scenarios are explained in detail. The third scenario is discussed more in a separate contribution [4].

In addition, as discussed in HetNet mobility enhancement, the most important requirement for small cell discovery is that UE power consumption for small cell discovery should be minimized. In particular, the cell search time, which means the duration of time spent performing small cell discovery, should be minimized and it is better to have a longer discovery interval, i.e., longer measurement period, while retaining the offloading potential. To summarize the above points, we propose the following.
Proposal 1: RAN1 should study enhanced small cell discovery for the following target scenarios while considering the requirements for low UE power consumption.

· Inter-frequency small cell discovery for a large number of frequency carriers

· Intra-frequency and inter-frequency small cell discovery in a super-dense deployment

· Efficient discovery of dormant small cells
2.1.
Inter-frequency Small Cell Discovery for a Large Number of Frequency Carriers
Figure 1 shows an example of a typical LTE deployment scenario. Generally, the first LTE band would be deployed as a macrocell to maximize the coverage area. In addition, the second and the third LTE bands would be deployed sequentially in a high traffic area to offload a large amount of data traffic onto the macrocell. For the sake of simplicity, this example does not include the co-channel small cell even though it is one of the options for offloading. The current specification of inter-frequency measurement supports the maximum number of frequency carriers of three [5]. In the near future, many operators will have more than three bands to handle the data traffic growth. The key point here is that each band should be measured separately, i.e., the number of frequency carriers to be measured is more than three because each frequency band may have different coverage areas.
[image: image1.emf]Band A

Band B

Band C

Area-averaged 

traffic demand

1st deployment

2nd deployment

3rd or 4th deployment


Figure 1 – Example of typical deployment scenario
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Figure 2 – Possible small cell operation in the higher frequency band

Figure 2 shows an example of the possible small cell operation in a higher frequency band such as 3.5 GHz. Considering low cost deployments and simple interference coordination among densely deployed small cells, each small cell would use one of the component carriers within a certain high frequency band rather than the full bandwidth in the band as one option for operation. Then, the UE needs to perform inter-frequency measurement for each component carrier due to the different coverage area of each carrier. Therefore, the number of frequency carriers to be measured should be enhanced for future scenarios. To increase the number of inter-frequency carriers to be measured while maintaining the UE battery consumption, an efficient mechanism for inter-frequency cell discovery would be necessary. Otherwise, the new inter-frequency measurement mechanism and the corresponding new channel, for example a common pilot channel for multiple carriers, would be necessary while keeping the number of inter-frequency carriers to be measured.
Proposal 2: Increasing of the number of frequency carriers to be measured should be taken into account in enhanced small cell discovery.

2.2.
Intra-frequency and Inter-frequency Small Cell Discovery in a Super-Dense Deployment
Through the discussion on deployment scenarios of SCE [6], the dense deployment of small cells has been considered and such deployment scenarios were described in the SCE evaluation assumption [7]. Figure 3 shows the CDF of the average SINR at the small cell carrier based on the evaluation assumption for scenario #2a, but this evaluation assumes a full buffer case. Results show that the small cell SINR degrades as the number of small cell clusters increases. In addition, although the SCE evaluation assumption assumes that UEs are mostly distributed around the small cell cluster, an actual UE distribution is not necessarily so. Then, since a certain portion of UEs would have a worse SINR, e.g., 10% of UEs have an SINR less than -4 dB, at the small cell carrier, such UEs would not be able to detect any small cell if we assume the current side condition, i.e., the minimum SINR requirement for a detectable cell, [5] or the relaxed side condition which is one of the possible solutions for the efficient discovery discussed in HetNet mobility enhancement SI/WI [3].
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Figure 3 – CDF of average SINR at the small cell carrier
Next, Fig. 4 shows our initial evaluation results on the rough user throughput considering the inter-frequency cell selection. In this evaluation, it is assumed that a UE connects to a small cell when the small cell SINR is greater than a certain threshold value. Otherwise, the UE connects to the macrocell. In addition, we assume that the macrocell has a 10 MHz bandwidth and the small cell has a 40 MHz bandwidth considering a higher frequency band. The rough user throughput is calculated using the following equation based on Shannon’s theory.

[image: image4.wmf]cell

UE

SINR

p

N

W

T

_

10

2

)

10

1

(

log

+

=

 ,                                       (1)
where Tp [bps] is the rough user throughput，NUE_cell is the number of users in the connecting cell, W [Hz] is the bandwidth of the connecting cell, and SINR [dB] is the SINR of the connected cell. Simulation results show that when the small cell selection threshold is -4 or -6 dB, the gain of the network densification can be confirmed for both the 5% and 50% user throughputs. On the other hand, higher threshold values of the small cell selection cause performance degradation especially in a dense deployment scenario due to the lack of traffic offloading from the macrocell layer to the small cell layer. 
In this evaluation, we consider RSRP based cell selection for the intra-frequency small cell discovery. However, if we consider flexible operation such as the load balancing among small cells, dormant cells, and closed subscriber group (CSG) cell operations, it is necessary to detect not only the small cell with the best RSRP but also other small cells with the second or the third highest RSRP. Therefore, small cells with a poor SINR should be discovered so that densely-deployed small cells can be effectively utilized.
Observation 1: Small cells with a poor SINR should be discovered so that densely-deployed small cells can be effectively utilized. 

· Consider flexible operations such as load balancing, dormant cells, and CSG cell operations

· At least, the relaxed side condition is not suitable for the dense small cell deployment scenario. 
Furthermore, considering the cell planning effort in a super-dense deployment, the current number of cell IDs may not be sufficient. Although this issue is also discussed in a separate contribution [8], it should be considered in the enhanced small cell discovery studies.
Observation 2: Since the current number of cell IDs is not sufficient for future small cell deployment, the enhancement of channels/signals may be necessary for the extension of cell ID.
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Figure 4 – Rough user throughput performances
2.3.
Efficient Discovery of Dormant Small Cells
As described in [1] and many contributions from companies, the dormant eNB operation, i.e., dynamic on/off switching of small cells, is an important technique for the efficient operation of small cells. The benefits of such dormant small cell operation are mainly the network energy savings and interference mitigation. When the small cells do not have any traffic, they move to a dormant state. To return to the active state when traffic is generated, an efficient mechanism for dormant small cell activation is needed.

One possible solution for dormant small cell activation is the use of the discovery RS. A dormant small cell transmits a discovery RS with a very long interval. Then, the UE can detect dormant and active small cells as shown in Fig. 5. Since the UE can recognize the existence of surrounding dormant small cells, it is possible to activate the small cells smoothly, e.g., via the macrocell, when the UE needs to connect to them. We note here that detecting dormant small cells and active small cells based on the discovery RS would be beneficial in terms of obtaining accurate location information based on the small cell ID. This efficient support of proximity-triggered communication would be achieved even if the UE is in an idle-like mode. Therefore, an efficient mechanism for transmitting/discovering the discovery RS should be studied in Rel. 12 SCE.

Observation 3: Efficient discovery would be beneficial for detecting dormant small cells with low power consumption.
Observation 4: Efficient discovery may be required even in an idle-like mode, e.g., for efficient support of proximity-triggered communications.
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Figure 5 – Efficient discovery for dormant small cell
3. Proposed Solutions
In order to cover all target scenarios discussed in Section 2 and meet the low UE power consumption requirement, we proposed the macro-assisted, i.e., synchronization-assisted, discovery mechanism as a possible solution for enhanced small cell discovery [9]. Figure 6 shows the basic idea of the macro-assisted discovery. In this mechanism, a small cell is synchronized with a certain macrocell. A group of small cells that are synchronized with the same macrocell transmits the discovery RS in a synchronized manner. Then, the UE obtains rough synchronization with the small cells through the assistance of the macrocell so that the effort for small cell discovery can be reduced significantly. 
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Figure 6 – Macro-assisted (Synchronization-assisted) discovery mechanism
3.1.
Discovery RS Designs

Considering the above mentioned mechanism or other efficient discovery mechanisms, the discussion point is which signal should be used as the discovery RS. Basically, we have the following options [10-14].
· Reusing one of the existing signals with new physical layer procedures
· Modifying one of the existing signals
· Designing a new discovery signal
It is necessary to confirm the gain from the discovery RS over that from the conventional PSS/SSS-based cell search.
To apply the discovery RS to target scenarios described in Section 2, the following characteristics are required for the discovery RS.

· A long transmission interval (especially for dormant small cell operation)

· Detectable even for the worst SINR (the target value/range of SINR is FFS)

· Can provide a large number of IDs, i.e., reuse factors
Currently, we are considering the following approaches for the discovery RS.
· Alt. 1: CSI-RS-like approach
· In this approach, each small cell uses an orthogonal resource for the discovery RS so that the UE can detect multiple small cells with one-shot detection.
· However, some modifications would be necessary since the current CSI-RS design is not sufficient due to its sparse density, e.g., in terms of the achievable time/frequency synchronization accuracy and number of reuse factors.

· Alt. 2: Positioning RS (PRS)-like approach
· As described in [15], since the PRS is designed to be very dense within a subframe and its transmission interval can be long, the modification of the PRS would make sense due to the commonality between the design targets for the discovery RS and the PRS.
· It is noted that PRS should be used for cell identification instead of RSTD measurements, in terms of enhanced small cell discovery. 

· Alt. 3: D2D-like approach
· Discovery is one of the most important functions of D2D. To reduce the UE implementation impact, it makes sense to consider the commonality between D2D discovery and the small cell discovery. This means that a D2D discovery signal will also be reused as the small cell discovery RS.
· The macro-assisted mechanism would also be applied to the D2D discovery so that synchronized transmission and reception to reduce the UE power consumption can be achieved.

3.2.
Initial Evaluation Results of Macro-assisted Discovery
Although we need further investigations for discovery RS candidates, we present an example of the performance gain from macro-assisted discovery over that from the conventional PSS/SSS-based cell search. Here, we assume that a CSI-RS with different configuration patterns is assigned to each small cell within a group and a group of small cells is synchronized in GPS-level, i.e., +/- 4 us timing offset and +/- 350 Hz frequency offset are assumed for each small cell. In addition, the ZP-CSI-RS is also configured to avoid the collision with the CSI-RS of other small cells. Based on the macro-assisted discovery mechanism, the UE can omit the timing synchronization procedure. We evaluate the detection probability and the cell search time by using a link level simulation. Four interference sources with equal received power are considered and the SNR is set to 15 dB.
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Figure 7 – Performance comparison between the macro-assisted discovery and the conventional LTE cell search

Figure 7 shows the results of the performance comparison between the macro-assisted discovery and the conventional LTE cell search based on PSS/SSS in both synchronous and asynchronous cases. We can see that the conventional cell search can detect cells with a certain level of SINR such as -4 or -6 dB in return for the over 20 ms cell search time and a large amount of calculation for the timing search within a 5 ms window. On the other hand, the macro-assisted discovery can provide better detection performance with a significantly short cell search time such as one or a few milliseconds. This is because the synchronized transmission of the CSI-RSs for different configuration patterns together with the ZP-CSI-RS provides the capability of one shot detection of multiple small cells, and the macrocell assistance makes omitting the timing search possible.
This is just an initial evaluation result and we do not consider that the macro-assisted discovery with the CSI-RSs from different configuration patterns is a perfect solution for the enhanced small cell discovery. However, the above results show the potential benefit of the enhanced small cell discovery over the conventional cell search mechanism and the conventional synchronization channels.

4. Conclusion

In this contribution, we presented our views on the enhanced small cell discovery. 
Proposal 1: RAN1 should study enhanced small cell discovery for the following target scenarios while considering the requirement for low UE power consumption.

· Inter-frequency small cell discovery for a large number of frequency carriers

· Intra-frequency and inter-frequency small cell discovery in a super-dense deployment

· Efficient discovery of dormant small cells
Proposal 2: Increasing of the number of frequency carriers to be measured should be taken into account in enhanced small cell discovery.

Observation 1: Small cells with a poor SINR should be discovered so that densely-deployed small cells can be effectively utilized. 

· Consider flexible operations such as load balancing, dormant cell, and CSG cell operations
· At least, the relaxed side condition is not suitable for the dense small cell deployment scenario. 

Observation 2: Since the current number of cell IDs is not sufficient for future small cell deployment, the enhancement of channels/signals may be necessary for the extension of cell ID.

Observation 3: Efficient discovery would be beneficial for detecting dormant small cells with low power consumption.
Observation 4: Efficient discovery may be required even in an idle-like mode, e.g., for efficient support of proximity-triggered communications.
References
[1] 3GPP, RP-122032, Huawei, HiSilicon, and CATR, “New study item proposal for small cell enhancements for E-UTRA and E-UTRAN – physical-layer Aspects,” Dec. 2012.

[2] 3GPP, R2-131138, NTT DOCOMO, INC. (Rapporteur), “Summary of email discussion [81#32] LTE/SCE: Analysis of expected challenges in small cell deployments,” April 2013.

[3] 3GPP, TR 36.839 (v11.1.0), “Evolved Universal Terrestrial Radio Access (E-UTRA); Mobility enhancements in heterogeneous networks (Release 11),” Dec. 2012.

[4] 3GPP, R1-131424, NTT DOCOMO, INC., “Comparison of eNB Dormant Schemes – DL based vs. UL based,” April 2013.

[5] 3GPP, TS 36.133 (v11.4.0), “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management (Release 11),” Mar. 2013.

[6] 3GPP, TR 36.932 (v12.1.0), “Scenarios and requirements for small cell enhancement for E-UTRA and E-UTRAN (Release 12),” Mar. 2013.

[7] 3GPP, R1-130856, Huawei, HiSilicon, “Evaluation assumptions for small cell enhancements-physical layer,” Jan. 2013.

[8] 3GPP, R1-131426, NTT DOCOMO, INC., “On Number of Cell IDs for Dense Small Cell Deployments,” April 2013.

[9] 3GPP, R1-130405, NTT DOCOMO, INC., “Overview of Mobility Enhancement for Small Cell Enhancement,” Jan. 2013.

[10] 3GPP, R1-130088, Intel Corporation, “Discussion on small cell discovery operation,” Feb. 2013.

[11] 3GPP, R1-130323, Panasonic, “Techniques for efficient small cell operation,” Feb. 2013.

[12] 3GPP, R1-130447, Huawei, HiSilicon, “Discussion on dual dormant/active state cells and cell discovery,” Feb. 2013.

[13] 3GPP, R1-130225, Media Tek Inc., “Methods for Efficient Discovery of Small Cells,” Feb. 2013.

[14] 3GPP, R1-130300, Samsung, “Evaluation assumptions for discovery of small cells,” Feb. 2013.

[15] 3GPP, R1-120398, NTT DOCOMO, INC., “Enhanced Cell Identification for Additional Carrier Type,” Feb. 2012.

Annex A.  Simulation Assumptions for the Discovery Performance Evaluation
In the initial evaluation for small cell discovery, we employed a link level simulation. Based on the geometry analysis described in Section 2.2, we assume four interference sources with equal power and SNR = 15 dB. In addition, since we assume a fine, e.g., GPS-level, synchronization between a macrocell and small cells, the UE has a random and uniform timing difference within +/- 4 us for each small cell. As a frequency offset, the UE has an initial offset within +/- 525 Hz and an additional offset within +/- 350 Hz for each small cell. The simulation assumptions are summarized in Table A1.
Table A1. Link Level Simulation Assumptions for Small Cell Discovery
	Parameter
	Assumption

	Signal bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz center frequency for small cells

	SNR for the detection target signal
	15 dB

	Number of interference signals
	4 (interference signals have equal power)

	Channel model
	Extended Pedestrian A model, 3 km/h UE velocity is assumed

	Antenna configuration
	2 Tx (small cell) antennas and 2 Rx (UE) antennas

	Detection threshold
	For each detection mechanism, the detection threshold is decided so that the false alarm probability becomes below 0.1 %.

	Time and frequency offsets
	· Random and uniform timing offset within +/- 4 us for each signal
· Random and uniform frequency offset within +/- 350 Hz for each signal in addition to the initial offset within +/- 525 Hz at the UE


In the evaluation, the conventional cell search based on the blind detection of PSS/SSS and the macro-assisted discovery using CSI-RSs for different configuration patterns for each small cell are compared. Figure A1 shows the small cell discovery procedures based on the conventional cell search and the macro-assisted discovery. Since the conventional cell search is a blind detection, it is necessary to search the SS timing first and hence at least a 20 ms cell search time is necessary. On the other hand, macro-assisted discovery can provide a rough synchronization timing for the discovery RS to the UE. Therefore, the UE can omit the timing search procedure and receive only the symbols or the subframe including the discovery RS.
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Figure A1 – Small cell discovery procedure
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