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Discussion
1. Introduction
In [1] solutions for HetNet cell range expansion have shown that large CIO values allow for more offloading and range expansion. It is also concluded in [1] that UEs with different receiver capabilities (e.g. 2 Rx vs 1 Rx and interference cancellation) can tolerate different levels of CIO.  This contribution further discusses CIO configuration based on UE receiver capability.
2. Discussion
Currently the CIO value for a particular cell will be set the same for all UEs independent of each UE’s antenna configuration (i.e. whether the UE has 1 or 2 receivers) regardless of whether the CIO value is being set for a normal CIO change or to support cell range expansion. As the maximum CIO value possible varies between antenna configurations or whether UEs have the ability to perform interference cancellation, it would therefore be useful  to be able to utilise the UE’s antenna configuration and Interference Cancellation capability in order for the network to be able to benefit from using higher CIO values. 
Proposal 1: UEs can be configured with CIO values based on their receiver capabilities.
In [2] it was proposed to enable a UE to use different CIO values, dependent upon antenna configuration. The proposal in [3] suggested a different approach whereby a UE signals its “maximum supported CIO” value to the network. It was additionally suggested that a UE signalling a maximum supported CIO value would imply that the UE would ensure adequate control channel and data reception performance at that CIO.  It was also noted that the UE receiver capability, e.g. the number of receive antennas used, can change dynamically dependent upon UE implementation.  Therefore this would affect the CIO value that the UE can tolerate.
Therefore to ensure against this, we consider it would be prudent for the UE to be informed by the network that it can use its ‘max supported CIO’ value, and if needed, the network also indicates the maximum value it can tolerate (perhaps based on the KPIs of the neighbour cell(s)). The UE can choose a value, less than or equal to that sent by the network for measurement evaluation.  This allows the NB to maintain control of the CIO value by imposing an upper limit.
For example, the network can indicate a maxCIO value to UEs supporting the max CIO feature (i.e. UE has appropriate antenna configuration and Interference Cancellation capability). Then if the actual supported max CIO value on the UE is larger than that value indicated by the network, the UE uses the network indicated lower value. Conversely if the UE’s supported max CIO value is lower than the value configured/sent from the network the UE uses its lower value. If the UE uses either of the two example scenarios described for evaluation of the measurements, then additionally the UE could also report the ‘used’ max CIO value in the triggered measurement report.  Such measurement control can be defined in RAN2.
Proposal 2: Send an LS to RAN2 on introducing the use of max CIO including the following:

· Indicate to the UE to use its ‘supported max CIO’ in its measurements and event triggers
· The network further indicates to a UE that it can use its ‘supported max CIO’ value up to a signalled value of a network determined threshold CIO value

· The UE reports the maxCIO value used for the measurement evaluation in the triggered measurement report.

Using this solution would maintain the flexibility for the UE to dynamically change its receiver capabilities (e.g. number of Rx antennas) and enable the NB to keep some control on the maximum CIO that can be used.  As proposed in [3], a test case to ensure the reliability of the downlink control channels when the UE is operating in a CRE region based on max CIO needs to be defined by RAN4.  This would also provide reference in which for the NB to set the CIO values.

Proposal 3: Send an LS to RAN4 to specify a test case to ensure that control channels are reliable when the UE is operating at the max CIO.
A draft LS on Proposal 2 and Proposal 3 above can be found in [4].
3. Conclusions
In this paper we outline the cell range expansion technique using CIO and highlight its association with the UE’s receiver capability. We propose the following:

Proposal 1: UEs can be configured with CIO values based on their receiver capabilities.
Proposal 2: Send an LS to RAN2 on introducing the use of max CIO including the following:

· Indicate to the UE to use its ‘supported max CIO’ in its measurements and event triggers

· The network further indicates to a UE that it can use its ‘supported max CIO’ value up to a signalled value of a network determined threshold CIO value

· The UE reports the maxCIO value used for the measurement evaluation in the triggered measurement report.

Proposal 3: Send an LS to RAN4 to specify a test case to ensure that control channels are reliable when the UE is operating at the max CIO.
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