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1 Introduction

This contribution discusses the dual cell-connection assumption of UE in scenario 2. In current evaluation assumptions for cell association [1], UE will connect based on RSRP for intra-frequency and RSRQ for inter-frequency. In other words, connection for macro cell layer is determined based on RSRP whereas connection for small cell layer is determined by RSRQ. However, this assumption cannot clearly cover the situation of different coordinated operation of dual connectivity, e.g. intra-macro coordination and inter-macro coordination of dual connectivity. Depending on the cell coordination scheme, different UE cell association assumptions in the evaluation will have impact on overall system performance. We discuss the cell connection issue under intra-cell dual connectivity assumption in scenario 2.

2 Cell connection in scenario 2 with intra-cell operation
In scenario 2, a UE can have dual-connection from a macro cell and a small cell using two different carriers as described in SCE SI. When a UE is dropped in the macro cell area, the UE will have best RSRP from a certain macro cell. The macro cell with the best RSRP will be selected for connection with the UE. After this connection is established, the UE will search through RSRQs from all small cells in the cell layout. Depending on long-term fading effect between small cells and UE, UEs might have better quality of RSRQ from the small cells in neighboring macro cell as shown in the Figure 1. Such a phenomenon could occur more frequently for UEs located on cell boundaries of macro cells. Note that although Figure 1 shows only scenario 2a, the same phenomenon could also happen in scenario 2b.  If the network topology and non-ideal backhaul do not support the inter-eNB coordination between the neighboring macro cells, it is not certain whether UEs can have a dual connection between a serving macro cell and a small cell within a neighboring macro cell area to the serving macro cell. Even if inter-eNB coordination is possible, unless system-wide coordination is implemented, the same phenomenon might occur for UEs in the boundaries of the different coordination areas.
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Figure 1. UE connection based on RSRP for intra-frequency and RSRQ for inter-frequency

Depending on the UE dual-connection assumption, the ratio between the number of single connection UEs and dual connection UEs will vary and the overall performance will be different. In the following discussion, we summarize the possible options for evaluating dual-connectivity in scenario 2. Noted that the macro cell layer serves UE mobility and standalone small cell connection is not considered in this contribution
Option A

· Restrict search for small cell with best RSRQ to small cells within the connected macro cell area as shown in Figure 2
· UEs with suboptimal small cell connection (as shown in Figure 2) will tend to have poor geometry in both connected macro cell and small cell
· The channel between suboptimal small cell and a UE might not be able to maintain a minimum data transmission quality due to low geometry
· Due to poor quality of macro and suboptimal small cell connections of  the boundary UEs, it is likely that overall system performance will decrease with biased small cell link
· Not desirable for evaluating unbiased performance results
[image: image2.emf]B

e

s

t

 

R

S

R

P

Bad RSRQ


Figure 2. Option A - Connect to small cell with poor RSRQ within the connected macro cell area 
Option B
· Switch the serving macro cell from the best macro cell to the neighboring macro cell that is connected to the small cell which provides the best RSRQ for the UE as shown in the Figure 3
· The geometry from the macro cell link might be reduced for such UEs, but this option would guarantee best RSRQ-based small cell connection
· System performance of the macro cell layer might be reduced, but considering the fact that it is the small cell layer that is likely to act as the data “fat pipe”, it is expected that the impact on overall system performance would not be severe
· Determining the macro cell connection based on the small cell connection might result in an unevenly distributed number of dual-connected UEs in macro cells
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Figure 3. Option B – Switch to macro cell connected to small cells with best RSRQ
Option C

· Do not support the connection to the small cell if the best small cell RSRQ connection cannot be found within the serving macro cell’s area (i.e enforce single connection for the UE) as shown in Figure 4 
· This can increase number of UEs with single connection (only macro connection)
· UE performance on small cell layer might increase due to smaller number of connected UEs
· The  small cell connection can be further improved by taking into account interference coordination operation as part of small cell connection procedure. Such an approach would allow the connection range of the small cells to be increased.
· To compare results, it will be helpful to provide the number of connected UEs served by the macro only or both cells
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Figure 4. Option C – No small cell connection (single connection from best RSRP macro cell)

Option D

· Re-drop UE until it achieves best RSRQ small cell connection with one of the small cells in the coordinating macro cell’s area as shown in Figure 5
· Re-drop will cause the biased performance results with good geometry from both macro and small cell link
· This may reduce the number of simulated edge UEs 
· Not desirable to evaluate potential benefit of small cell enhancements
· Performance result will be biased by dropping only good geometry UEs
[image: image5.emf]B

e

s

t

 

R

S

R

P

Best RSRQ

Re-drop UE until UE 

connects in small cells of 

best RSRP macro cell


Figure 5. Option D – Re-drop UEs
Option E
· No linkage between on small cell connection and macro cell connection
· Allow small cell connection within any macro cell area regardless of serving macro cell
· Depends on each company’s implementation of network topology and scheduling support
· Unrealistic network topologies should be avoided
3 Conclusion
This contribution discussed the dual-connectivity assumption for small cell evaluation in scenario 2. Depending on inter-eNB coordination or intra-eNB coordination for small cells, the dual-connectivity assumption should be clarified for the purpose of making the results from different companies comparable and allowing consistent observations on different small cell related proposals. The cell association of UEs discussed in option A and D might result in biased results. The other options seem to be more reasonable for evaluation as long as the number of UEs from macro and small cells are indicated along with the packet throughput results.
Proposal

· Not desirable to use option A and option D
· Should avoid biased results for evaluation
· Option B and C seems to be more reasonable
· Each company can provide the number of UEs in their contributions (the number of UEs with macro connectivity only or dual connectivity) for fair comparison
· Option E is also valid for both intra and inter-eNB operation but companies need to describe their connectivity assumption and cluster-to-eNB topology and backhaul assumptions
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