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Discussion and Decision
1. Introduction 
With the addition of new radio elements in LTE-A (e.g. Pico-cells, Relay Nodes and HeNBs), the UE will operate in  an increasingly complex, and difficult RF environment due to interference caused by the presence of those radio elements across the time/frequency resources shared with the UE. However, the new functionality afforded to LTE-A by these radio elements is expected to integrate effectively and enhance spectrum utilization, despite their potential to induce interference.  Thus to realize this new functionality, while avoiding negative side effects, certain measurements must be supported for Rel-10. 
The purpose of this contribution is to demonstrate the necessity of including a channel quality measurement in the UE cell-reselection process in LTE-A. 

2 Discussion and Proposal
In LTE, cell-reselection is based on Reference Signal Received Power (RSRP) measurements, Qhyst and Qoffset. Using RSRP in the reselection algorithm provides that the UE is always connected to the cell with the highest received power, while Qhyst and Qoffset are used to implement hysteresis between cells [3]. Furthermore, signal power (RSRP) is considered an adequate estimation of a cell’s SINR given that OFDMA signals from adjacent eNB’s are assumed to be randomized. 
However, with the addition of Pico-cells, Relay Nodes (RN), HeNBs, hybrid HeNBs in the LTE-A system, RSRP will no longer be sufficient to reliably estimate channel quality when subjected to these multiple and complex interferers.

With the addition of a channel quality measurement, an LTE-A UE can avoid scenarios whereby it will continue to camp on a frequency layer that provides adequate signal strength, even though signal quality might favour usage of a different frequency layer or CC.

2.1 Why Channel Quality is needed for Idle Mode in LTE-A
In LTE-A the use of Pico-cells, RNs and HeNBs (that may not accessible by the UE) will induce additional sources of intra-frequency interference[1][2], and under certain circumstances such interference may be severe. By considering a channel quality measurement in IDLE_MODE, a UE can more effectively evaluate its current RF environment, and thus mitigate the detrimental effects such interferers have on UE performance.
Figures 1 and 2 demonstrate typical scenarios where the sole use of signal strength without including a channel quality measure leads to poor choices of frequency resource or cell to be reselected. 
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Figure 1 demonstrates the case of interference during a camped-on state.
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Figure 2 demonstrates the case of a cell-reselection process with interference. 

2.2 Benefit of adding this measurement on UE performance

By providing a channel quality measurement to the upper layer, the UE’s reselection algorithms can more effectively interpret the current RF environment being experienced by the UE. Such additional knowledge will enable the UE to make more intelligent decisions, which will result in:
· Lower latency from Idle to Connected mode.
· Higher quality of resource assignments and cell-selection decisions, leading to improved overall system/service quality and performance.

2.3 Impact of NOT adding this measurement on UE performance.

Without taking channel quality into account, a Rel-10 UE will continue  to camp on a frequency layer that provides adequate signal strength, even though there is significant interference. The interference may be such that the UE will not be able to adequately decode the paging channel.  Similarly, the inability to decode the broadcast channel when entering a new cell, or on change of system information, would mean that the UE would not be able to access the network until it receives the system information.

2.4 Impact of adding this measurement

A minor increase in the effort to specify the Channel Quality measurement.

A minor increase in the measurement effort.

3 Conclusion
We discussed the necessity for providing a channel quality measurement to the upper layer during Idle Mode and the impact that such a change would have on UE performance.
Proposal: RAN1 should specify a channel quality measurement that can be utilized for re-selection purposes.
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