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1. Introduction
In [1] solutions for HetNet cell range expansion are detailed. This paper discusses the RAN2 impacts of solutions associated with CIO updating and highlights some issues for discussion.
2. Discussion
2.1 Background

In HetNet, the capacity gain is increased by offloading traffic from a macro to an LPN, utilising the scheduling resources of the LPN.  The offloading from a macro cell can be increased by biasing the UEs to hand over to the LPN at an earlier stage by increasing the Cell Individual Offset (CIO) parameter, which effectively expands the cell range of the LPN.  

Whilst in general this would increase the number of UEs served by the LPN, the UEs being offloaded may suffer from poor geometry especially when the biasing (i.e. CIO) value is large.  Furthermore, the anticipated capacity gain may not be available to the offloaded UEs if the LPN does not actually have spare capacity.  

Therefore, the gain of cell range expansion via biasing depends upon the loading conditions of the macro and LPN.  Hence a fixed uniform biasing where the CIO for all LPNs is set to a fixed value would not be able to offer the capacity gain that it is intended to do.  It is therefore beneficial that the biasing values (i.e. CIO value of the LPN) can be optimised according to the condition of the cell supported by each LPN. This effectively provides a decentralised biasing method. 

In the decentralised biasing method, measurement parameters such as SINR or throughput are collected for all UEs in each cell by the network, and an adaptation metric for each cell is computed based on these measurements.  

Possible examples of suitable adaptation metrics are detailed in [2] e.g. 5% percentile UE SINR and 5% percentile UE throughput.  Using the adaptation metric, the network computes the biasing value (CIO) for each cell.  
Upon the computation of new CIO values, the updated CIO then needs to be signalled to the UE. In current signalling the CIO values are broadcast in the SIB11 or sent in dedicated measurement control message.
2.3 RAN2 enhancements required for Cell Range Expansion 
In [1] a conclusion was recorded based on simulation results   ‘Based on this study, it is possible to operate at a CIO of 9dB for dual antenna UE. Some problems may be caused by CIOs exceeding 6dB (1 Rx) and 9 dB (2RX), respectively.’
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 is therefore beneficial to be able to identify each UE antenna configuration and Interference Cancellation capability in order for the network to be able to adjust the CIO value appropriately. 
Observation 1: UEs with different capabilities can operate with different CIO values. The network needs to be able to differentiate these UE types.

Possible alternatives to address the observation:

1) UE capability

Since the UE capability could changebetween single and dual antenna autonomously the existing method whereby the UE informs the RNC of such a change of capability could be used. 
2) CIO offset 
In this alternative, the network could broadcast an additional fixed offset CIO value for the cell, which is specifically applicable to the antenna mode in which the UE is operating, so thereby a UE operating in say dual antenna mode is able to autonomously take this offset into account when determining a CIO value for that particular cell. 

It should be noted that the alternatives can actually work together, so for example a CIO offset could be used in non-DCH mode, and if the network knows the UE capabilities it can be used in dedicated CIO signaling.

In the decentralised biasing method, changes to the CIO are expected to be slow and gradual, aiming at converging to a set of CIOs across the network. However it could be expected that there will be temporary changes to the loading in the LPN such that it may not, in the short term, support the required long term CIO value.
If the rate of change of the biasing values is expected to be every few seconds, further methods may need to be employed to reduce the number of SIB updates and modified measurement control messages. 

Observation 2: Cell Range Expansion Methods would likely benefit from enhanced signaling.

A possible solution to address both observations is to use an Access Group. In [3] for the Control of DTCH transmission based on priorities, a solution proposed the concept of  "Access Groups", where the Access Groups, are assigned by the network and signalled to the UE during e.g. RRC setup. A UE would belong to zero, one or more Access Groups. One way of grouping UEs is based on their capability.  Hence for example, UEs that have dual receiver or/and interference cancellation capability, would be able to tolerate high interference and hence they would be grouped together.  UEs in this group can therefore use more aggressive biasing (CIO) compared to another group that has a low tolerance to interference. For the grouping, a UE in each group could be configured with a common H-RNTI.  Then a common signal (possibly HS-SCCH order) with this common H-RNTI would be read by only those UEs that match this common H-RNTI and therefore only those UEs would update their CIO value for a particular LPN.
Proposal: To discuss the issues raised with the observations and agree that these need tackling in RAN2

3. Conclusions
In this paper we outline the cell range expansion technique using CIO and highlight a couple of issues for further discussion associated with the UE type and requiring dynamic signalling. Resulting in the following proposal:
Proposal: To discuss the issues raised with the observations and agree that these need tackling in RAN2
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