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Discussion and decision 
1 Introduction 
The following cell association methods for load balancing/shifting have been studied [1]:
· Cell association based on RSRP in conjunction with a cell association bias

· Cell association based on RSRQ in conjunction with a cell association bias or threshold

· Cell association based on long-term SINR UE measurements in conjunction with a cell association bias
· Cell association based on a function of UE measurements (RSRP, RSRQ, long-term SINR.) and of network-side information (e.g. cell resource utilizations

· Cell association based on RSRQ or SINR UE measurements within shortened measurement interval

In this contribution, we provide further evaluation results for cell association based on RSRQ with shortened measurement interval and for cell association based on long-term SINR measurements.
2 Evaluation results and discussion
In this section, we present and discuss our evaluation results. Detailed simulation assumptions are provided in Table 1. Assumptions for parameters not mentioned in the table are the same as the agreed evaluation assumptions for Scenario 2a. 

As a packet of a UE arrives in the system at time t, we assume that for cell association/selection purpose, RSRQ measurement result averaged from time t-∆ to time t is available, where ∆ is the RSRQ measurement period. After the cell association/selection is performed, an additional cell association/selection delay is introduced, during which the packet of the UE is not allowed to be scheduled and no cell association/reselection can be made.
Table 1: Simulation assumptions
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro sites
	7

	System bandwidth per carrier
	10 MHz

	Small cell Tx Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Traffic model
	FTP Model 1 with inter-arrival rate that results in roughly 37% RU (medium load) and 60% RU (high load) for the most loaded layer
Each file size is 0.5Mbytes

	CRS interference
	Modelled with zero MBSFN subframes

	UE speed
	3 km/h

	Measurement
	1) RSRQ averaged over 10ms or 200ms (Ideal RSRP and RSSI measurement per subframe)
2) Long term SINR measurement (200ms)

	Load shifting
	1) Layer association based on RSRQ with zero bias (between macro and small cell layer)
2) Small cell association based long term SINR 
Note: L3 filtering is not applied.

	
	


2.1 Evaluation results on cell association with shortened measurement interval 
We provide further evaluation results with shortened measurement interval on RSRQ, which affects inter-layer cell association only. Intra-layer cell association is assumed based on RSRP. In particular, we compare the user throughputs for RSRQ measurement periods of 10ms and 200ms. 200ms measurement period is used as the baseline for performance comparison. 
For the medium load case (Figure 1(a)), it is observed that 10ms RSRQ measurement period improves performance by 7.59%, 2.56% and 2.58% for the 50th , 5th  and 95th percentile user throughput of the overall system, respectively. There is a larger performance gain for the macro UEs compared to the small cell UEs.

For the high load case (Figure 1(b)), improvement in the 50th , 5th  and 95th percentile user throughput of the overall system is 7.13%, 4.85% and 2.28%, respectively. Again, there is a larger performance gain for the macro UEs compared to the small cell UEs. 
The results confirm that the shortened measurement interval allows for dynamic adaptation to load change across frequency layers resulting in better cell association decision.
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Figure 1: Performance of 10ms RSRQ measurement period with respect to 200ms period 
Observation 1: There is a significant gain for cell association based on RSRQ with shortened measurement interval.
2.2 Evaluation results on intra-layer small cell association based on long term SINR
Another cell association method proposed is cell association based on long term SINR measurement which takes into account the dynamic traffic and load condition of cells in interference measurement [3]

 REF _Ref367915018 \n \h 
[4]. In our evaluation, we assume layer association is based on 200ms RSRQ measurement and if the UE chooses the small cell layer, we assume cell association is done based on the best long term SINR measured over 200ms. Inter-layer association based on 200ms RSRQ measurement period followed by RSRP-based intra-layer cell association is used as the baseline for performance comparison. In other words, the only difference between the baseline and the scheme evaluated is the intra-layer cell association on the small cell layer, where the baseline assumes RSRP based cell association and the scheme evaluated assumes long term SINR based cell association.
Referring to Figure 2, for the medium load case, we observe 0.91% gain, -1.56% loss and 0.4% gain for the 50th , 5th  and 95th percentile user throughput of the overall system. On the other hand, for the high load case, we observe 1.45% gain, 3.35% gain and 1.16% gain for the 50th , 5th  and 95th percentile user throughput of the overall system. 

Interestingly, applying long term SINR cell association on the small cell layer does not offer much benefit for the small cell performance. This is not surprising as SINR does not take into account the load of the cell measured. For example, assume there are UEs being served in cell A but no UEs served in cell B, and a UE about to make cell association decision is measuring the SINR of cell A and the SINR of cell B. If the UE experiences similar RSRP for the two cells, the SINR of cell A would be higher than that of cell B. However, selecting cell A for association means that the UE has to share resources with other existing UEs. On the other hand, selecting cell B allows the UE access to full resources of cell B but it has to live with the inter-cell interference from cell A. Therefore, cell association based on SINR does not necessarily provide a gain. Similar observation was also mentioned in [4]. Another observation is that most benefit of long term SINR cell association for small cells seems to go to enhancement of cell edge rate of the macro cells. This seems to be caused by a small increase in the percentage of small cell UEs which in turns result in more available resources on the macro layer.
Overall, our results show that long term SINR does not seem to provide significant user throughput gain.
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Figure 2: Performance of intra-layer small cell association based on long term SINR
Observation 2: There seems no significant gain for cell association based on long term SINR measurement.
3 Conclusions
In this contribution, we provided further evaluation results for cell association based on RSRQ within shortened measurement interval and for cell association based on long-term SINR measurements.
In our evaluation of cell association based on RSRQ with shortened measurement interval, we consider performance for RSRQ measurement periods of 10ms and 200ms. Intra-layer cell association is assumed based on RSRP. 200ms measurement period is used as the baseline for performance comparison.
In our evaluation of cell association based on long-term SINR measurements, we consider layer association based on 200ms RSRQ measurement and if the UE chooses the small cell layer, we assume cell association is done based on the best long term SINR measured over 200ms. Inter-layer association based on 200ms RSRQ measurement period followed by RSRP-based intra-layer cell association is used as the baseline for performance comparison. 
Based on our results, our observations are as follows:
Observation 1: There is a significant gain for cell association based on RSRQ with shortened measurement interval.
Observation 2: No significant gain is observed for cell association based on long term SINR measurement.
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