3GPP TSG RAN WG1 Meeting #74                                             R1-133456
Barcelona, Spain, August 19-23, 2013
Source:
NTT DOCOMO
Title:
Views on Small Cell On/Off Mechanisms
Agenda Item:
7.2.6.1.1
Document for: 
Discussion and Decision
1. Introduction

At the RAN WG1 #73 meeting, various technologies for small cell enhancement (SCE) were presented with evaluation results provided by many companies [1] – [7]. Among the schemes regarding inter-cell interference avoidance and coordination, the majority of the companies paid much attention to small cell on/off techniques. The small cell on/off scheme is found to be effective in improving the UE throughput performance for a low traffic load case and the following observations were made.
Conclusions:

Performance observations from the results presented to this meeting (not yet for TR):

· Significant UPT benefits are observed relative to a baseline without CRS interference mitigation or MBSFN subframes, with FTP models 1 and 3 at least when idealised dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load 

· Lower gains are also observed with FTP model 3 when semi-static adaptation is assumed
· Gains are due to reduced interference from CRS and common control channels

· FFS performance benefits with feasible time scale

· Potential impacts on other system performance
· Legacy UEs cannot be supported on cells operating dynamic on/off, and legacy Idle UEs cannot be supported in the vicinity of such cells on the same carrier. 

· Mobility: FFS (related to RAN2 Het-Net mobility study and RAN2 small cell study)

· Energy consumption: reduction of energy consumption is expected

The gain of small cell on/off is due to interference avoidance from the CRS when there is no traffic. In order to conduct further evaluations, the evaluation assumptions were discussed and agreed upon [8], [9]. In this contribution, we present two small cell on/off schemes, i.e., UL-based and DL-based schemes, and compare them from the viewpoint of the UE throughput performance. For the DL-based scheme, we further describe of the need for DL reference signal (RS) enhancement in the context of DL-based small cell on/off.
2. UL-Based and DL-Based Small Cell On/Off Schemes
In this section, we present the mechanism and evaluation assumptions for the UL-based and DL-based small on/off schemes. For all the schemes, we make the following common assumptions.
· The following two states of the small cell are defined.

· Active state: A small cell transmits DL signals including CRS, PSS/SSS and data.
· Dormant state: A small cell does not transmit any DL signal.
· For the DL-based scheme, a small cell in this state transmits the DL-RS only in a bursty manner as described in Section 2.2.

· Small cell on/off is applied only to the small cell layer assisted by the macro cell layer.
· UEs in the idle mode are supported in the macro cell layer.
· In this contribution, intra-frequency measurement is considered for the small cell layer, i.e., a small cell has been already configured for each UE. Of course, a small cell on/off scheme is also possible by means of inter-frequency measurement.
2.1. UL-based scheme
For the UL-based small cell on/off scheme which is actualized through implementation, if dormant small cells can detect the presence of the UL signals from the UE, those dormant small cells would be turned on. 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 may have an impact on the measurement for UEs connected to the surrounding small cells and cause handover for some UEs. The mechanism of the UL-based scheme assumed in this contribution is described below and is also shown in Fig. 1.
·  UL signal monitoring (to decide which dormant small cells to turn on)

· Step 1: If the traffic load is increasing, the UEs connected to small cells are requested to transmit an UL signal

· Assumption for evaluation: Whenever new traffic data are generated and there is a dormant small cell, the UL signal is triggered.

· Step 2: If dormant small cells receive the UL signal, e.g., the PRACH, those dormant small cells are turned on.
· Assumption for evaluation: All dormant small cells in a cluster can receive an UL signal and are turned on for new measurement.
· DL RS transmission and measurement for cell association

· Step 3: After the small cells in a cluster are switched on, each small cell transmits a PSS/SSS and CRS for new measurement.

· Step 4: The target UE measures all the small cells in a cluster and the small cell with the best RSRP is selected.
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Figure 1 – UL-based small cell on/off scheme.
We use the following model to access the above UL-based scheme as shown in Fig. 2. The exact values for evaluation are described in Section 3.
· Case when there is a dormant small cell in a cluster (Fig. 2 (a))

· The time required for UL signal (PRACH) monitoring (W msec), that for new measurement after turning on small cells (X msec), and that for SCell activation + RACH procedure (Y msec) are considered in the UE throughput.

· After all data transmissions are completed and there is no data in the small cell, the time required for turning off the small cell (Z msec) is considered.
· If small cells, e.g., cell #1 in Fig. 2(a), are not selected for data transmission, they return to the dormant state immediately.
· Case when all the small cells in a cluster are active (Fig. 2 (b))

· UL signal monitoring and new measurements are not required, and thus time for SCell activation + RACH procedure (Y msec) is only considered in the UE throughput.
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Figure 2 – Evaluation model for UL-based scheme.

2.2. DL-based scheme
For the DL-based scheme, the measurement report from the UE is used to determine whether or not to turn on those dormant small cells. To turn on dormant small cells efficiently, it is highly desired that the measurement be performed together for both active and dormant small cells. In order to achieve this, a bursty transmission of the DL RS from both active and dormant small cells with a long periodicity is considered as shown in Fig. 3 [10]. For the transmission of the DL RS of N ms, the dormant small cells are to be switched on. Although such a bursty transmission of the DL RS may reduce the effect of energy savings, the loss would be marginal if N msec is quite shorter than the periodicity of the bursty transmission, L msec. The mechanism of the DL-based scheme assumed in this contribution is described below.
· Step 1: The UE measures both active and dormant small cells during transmission of the DL RS

· Step 2: The small cell associated with the best RSRP is turned on if it was dormant, and selected for data transmission. 
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Figure 3 – DL-based small cell on/off scheme.

We use the following model to access the above DL-based scheme. We assume two types of DL RSs, i.e., the PSS/SSS/CRS and discovery signal (DS) as shown in Fig. 4. The time for SCell activation + RACH procedure (Y msec) is only considered in the UE throughput. As for the PSS/SSS and CRS, the CRS interference from dormant small cells is taken into account during transmission of the PSS/SSS and CRS. Regarding the discovery signal, we assume that only the RS is transmitted in the DS subframe and data cannot be scheduled. 
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Figure 4 – Evaluation model for DL-based scheme.

3. Performance Evaluation and Discussions
We show the UE throughput performance to assess the gain from small cell on/off schemes and compare UL-based and DL-based schemes for SCE scenario 2a. Table AI in the Annex gives the simulation conditions [8], [12]. The number of clusters per macro cell is set to one. 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. The time scale parameters described in Section 2 are shown in Table I [9]. As for the bursty transmission of the PSS/SSS/CRS, the number of consecutive subframes containing the PSS/SSS/CRS is set to N = 10 and 50. 
Figures 5(a)-5(c) show the 5%, 50%, and 95% UE throughput performance for the arrival rates of 8, 12, and 16 which approximately correspond to the resource utilization of 20, 40, and 60%, respectively. The performance without a small cell on/off scheme is also plotted as the baseline scheme for comparison. We find that the DL-based small cell on/off scheme significantly improves the UE throughput performance by reducing the CRS interference. The UL-based small cell on/off scheme exhibits worse performance. The reason for the performance degradation is that the delay for new measurement is dominant particularly in a higher throughput region. Among the DL-based schemes, the throughput performance is increased as the duration of CRS transmission becomes shorter, and hence the DS exhibits the highest UE throughput performance.
Table I. Time scale parameters for small cell on/off
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    (a) 5% throughput                                                    (b) 50% throughput
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Figure 5 – UE throughput performance.

When comparing DL RSs further, we see some performance gain of the DS compared to the PSS/SSS and CRS. In addition, in our companion document [12], we describe the advantages of the DS over the PSS/SSS and CRS in terms of detection probability and intra- and inter frequency measurements. Table II summarizes comparisons in those aspects between the discovery signal and PSS/SSS/CRS. The advantages and disadvantages are indicated in red and blue, respectively. Here, the PSS/SSS/CRS with different timing offsets among the small cells is also included. This scheme may improve the detection probability as well as intra-frequency measurement for low traffic case compared to the PSS/SSS/CRS with the same timing offset. Therefore, the block size in the dormant state can be shortened, e.g., N = 10, in the case of different timing offset while that should be longer, e.g., N = 50, in the case of the same timing offset to ensure an accurate detection and measurement within a single block as shown in [12]. However, with different timing offset, it takes very long time for inter-frequency measurement. Based on the above comparisons, we propose the following.

Proposal: The DL-based small cell on/off using discovery signal should be supported in Rel-12.

Table II – Summary of DL-RS comparison.
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4. Conclusion
In this contribution, we presented the mechanism for the small cell on/off and considered UL-based and DL-based schemes for evaluation. Based on the evaluation results, we found that the DL-based scheme exhibits a substantial throughput gain by reducing the CRS interference compared to the baseline and UL-based schemes. With regard to the DL-based scheme, we compared the existing PSS/SSS/CRS and discovery signal. We conclude the following considering the advantages in the throughput performance, detection probability and measurement.
Proposal: The DL-based small cell on/off using discovery signal should be supported in Rel-12.
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Annex

Table AI.  Simulation Conditions

[image: image10.emf]Parameters Assumptions

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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