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1. Introduction

At the RAN WG1 #72 meeting, Rel-12 LTE small cell enhancement (SCE) physical layer scenarios for evaluation were agreed [1]. Detailed evaluation assumptions considering those scenarios were also discussed and agreed through email discussion [2]. The SCE study item description (SID) states the following.
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. 
In order to access the gains from efficient operation of a small cell layer, a cell association between the macro cell and small cell layers must be appropriately performed. The cell association between the macro cell and small cell layers is quite important particularly for SCE scenarios 2a/2b, i.e., separate frequency scenarios. At the RAN WG1 #72bis meeting, we observed that the ratio of the cell association between macro and small cells is different among companies according to the cell association method [4] - [6]. Hence, the metric, i.e., the reference signal received quality (RSRQ), for the cell association was discussed [7] and the following conclusion was drawn.
Conclusion: Use the agreed simulation assumptions (i.e. RSRQ based on actual cell loading) for UE measurement for cell association for non co-channel.
According to this conclusion, in this contribution, we discuss the possible methods based on the RSRQ for cell association between the macro and small cell layers. 
2. Methods for Cell Association for SCE
For the purpose of cell selection/association, the reference signal received power (RSRP) and RSRQ reported from the UE are used. For SCE scenario 1, a metric, i.e., the RSRP with and without an offset value, is directly used for cell association as studied in Rel-10/11 (F)eICIC. For SCE scenarios 2a/2b which assume separate frequency scenarios between the macro cell layer and small cell layer, the direct use of RSRP is not straightforward for the cell association between the macro and small cell layers. For example, even when a cluster of small cells is deployed at a location close to a macro eNodeB, the RSRP associated with the macro cell would be higher than the RSRPs for the small cells and the macro cell is most likely to be selected. Therefore, it was agreed to use the RSRQ which takes into consideration the interference conditions and/ or traffic load. The following methods based on the RSRQ are considered.
· Method 1: Comparison of the RSRQ value of the small cell layer to a threshold

· The largest RSRQ value of the small cells is compared to a predetermined threshold value. If the largest RSRQ value exceeds the threshold, the small cell is selected. Otherwise, the macro cell is selected. 
· UEs are offloaded to the small cells as much as possible, and the macro cell is used only when the RSRQ of the small cell layer is very low, i.e., the SINR of the small cell layer is very low.
· Method 2: Relative comparison of the RSRQ values between macro and small cell layers
· The largest RSRQ value of the small cells is compared to that for the macro cells. The cell layer having the larger RSRQ value is simply selected.
· UEs would be offloaded to the layer exhibiting a higher SINR and lower traffic load.
Figure 1 shows the RSRQ curves as a function of the received SINR with the traffic load as a parameter. From Fig. 1, we observe the following. 
· For a high SINR region 
· The RSRQ is largely impacted by the traffic load rather than the SINR and the value of the RSRQ increases as the traffic load decreases. 
· Using Method 2, cell association is largely dependent on the traffic load. 
· For a low SINR region 

· The RSRQ is in proportion to the SINR regardless of the traffic load.
· Using Method 2, cell association is largely dependent on the SINR. 
· Using Method 1, cell association is impacted by the traffic load for a larger threshold value, e.g.,  10 dB. On the other hand, for a smaller threshold value, e.g.,  15 dB, the traffic load has almost no bearing on cell association.

[image: image1.emf]-20

-15

-10

-5

0

-15 -10 -5 0 5 10 15 20

RSRQ (dB) 

SINR considering load factor (dB)

0.1

0.5

1

Traffic load

Lower 

SINR

Low load and 

higher SINR


Figure 1 – RSRQ-SINR curves for traffic load of 0.1, 0.5 and 1.

The above observations are confirmed by system level evaluation. Table A-I in the Annex gives the simulation conditions. Tables I and II show the ratio of cell association between the macro cell and small cell layers and the UE throughput performance for low and high traffic load cases, respectively. For a low traffic load case (arrival rate of FTP model is 12), all the methods achieve traffic offloading to the small cells. For a low traffic load case, a relative comparison of the RSRQ between the macro and small cell layers (Method 2) provides the higher UE throughput performance than a comparison of the RSRQ of the small cell layer to a threshold (Method 1). Figure 2 shows the distribution of the UE throughput associated with the RSRQ used for cell association for Method 2. For a range of RSRQ from -12dB to -3dB, the value of SINR also spans widely as seen from Fig. 1 and a very wide range of UE throughput is observed in Fig. 2. We also note that there are some points corresponding to very high UE throughput values for a lower RSRQ values. This is because the RSSI includes the serving cell signal power and the RSRQ is suppressed when the resource usage rate is high in the serving cell. This implies that the RSRQ may not be the best metric to consider the interference conditions and/ or traffic load, especially in high SINR conditions. However, we slightly see some correlation between the UE throughput and value of the RSRQ in Fig. 2, although the correlation may not be so strong. That is the reason why a relative comparison of the RSRQ works to some extent. For a high traffic load case, the association ratio of macro cell is significantly increased in Method 2 and Method 1 with a threshold of -12 dB. The reason for this is as follows. For a high traffic load case, Method 2 and Method 1 with a threshold of -12 dB rely on the SINR for cell association. However, the SINRs of the small cell layers are much worse than that for the macro cell and the probability of a small cell being selected is decreased. On the other hand, Method 1 with a threshold of -15 dB still achieves better traffic offloading to the small cell layer and provides the highest throughput performance. This is because the macro cell is selected only when the SINR of the small cell is low. 
Observation 1: Relative comparison of RSRQ between the macro cell and small cell layer works well for a low traffic load case while it does not achieve traffic offloading to small cells for a high traffic load case.

Observation 2: Comparison of the RSRQ value of the small cell to a threshold achieves traffic offloading to small cells regardless of the traffic load.
Table I – Cell Association Ratio and UE Throughput (Low traffic load case).
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Table I – Cell Association Ratio and UE Throughput (High traffic load case).
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Figure 2 – Distribution of UE throughput associated with RSRQ.

3. Conclusion
In this contribution, we discussed the following methods based on the RSRQ for cell association between macro and small cell layers. 
· Method 1: Comparison of the RSRQ value of the small cell layer to a threshold

· Method 2: Relative comparison of the RSRQ values between macro and small cell layers

Based on the relationship between the RSRQ and SINR, and system level evaluation, we observed the following
Observation 1: Relative comparison of RSRQ between the macro cell and small cell layer works well for a low traffic load case while it does not achieve traffic offloading to small cells for a high traffic load case.

Observation 2: Comparison of the RSRQ value of the small cell to a threshold achieves traffic offloading to small cells regardless of the traffic load.

Small cells will be deployed to improve the capacity in dense traffic areas, and thus it is natural to focus on the high traffic load case. According to this fact as well as the above observations, we propose the following.
Proposal: In order to access the gain for high traffic load case, a comparison of the RSRQ value of the small cell to a threshold should be used as the baseline.

References

[1] 3GPP R1-130748, NTT DOCOMO, “Text proposal for TR36.923 on small cell enhancement scenarios,” Jan. - Feb. 2013.
[2] 3GPP R1-130856, Huawei, HiSilicon, “Evaluation assumptions for small cell enhancements-physical layer,” Feb. 2013.
[3] 3GPP R1-130946, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, “Interference management for small cell enhancements in scenarios 1 and 2a,” Apr. 2013.
[4] 3GPP R1-131028, Samsung, “Evaluation results on small cell enhancement scenario 2a,” Apr. 2013.

[5] 3GPP R1-131184, MediaTek Inc., “Performance evaluation for the deployment of outdoor small cells - scenario 1 and 2a,” Apr. 2013.

[6] 3GPP R1-131329, Panasonic, “Cell association and traffic offloading,” Apr. 2013.

[7] 3GPP R1-131751, LG Electronics, “Summary on small cell association offline, ” Apr. 2013.

Annex

Table AI – Simulation Conditions
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Cell deployment  Hexagonal grid, 3 sectors per site, case 1;

Clusters uniformly random within macro geographical area; 

small cells uniformly random dropping within cluster area

System bandwidth  10 MHz

Carrier frequency  3.5 GHz

Total BS TX power  30 dBm

Distance-dependent path 

loss/penetration/shadowing

ITU UMiwith 3D distance 

Small cell number  1 cluster per macro sector, 10 small cells per cluster

Traffic model FTP traffic model 1,  0.5 M

UE distribution 100% small cell UE, 20% outdoor and 80% indoor

UE receiver WishartIRC

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 

Overhead  PDCCH (2 symbols), DMRS (12 REs per RB), CRS (2 ports in 

4/10 non-MBSFN subframes)
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