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1. Introduction

In RAN#63, the Hetnet WID was revised [1] and the CIO adaptation was approved to be further considered within the WID scope:

· Consider Iub signalling of CIO adaptation for co-channel and multi-carrier deployment needing to ensure capacity improvements. (RAN3)
The benefit of CIO adaptation was shown during the SI phase [2]. It was shown that the average and cell edge performance is improved when the network load is balanced according to the UE positions and the existing load in the network. This contribution further discusses CIO adaptation solutions.
2. Discussion on CIO adaptation
2.1 UE-specific CIO adaptation
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Figure 1: Target scenario for CIO adaptation
The target scenario for CIO adaptation as illustrated in Figure 1 is when the LPN load is lightly loaded respect to the Macro cell. In this case, the data rate of Macro UE, especially the cell-edge Macro UE, is restricted by the exhausted scheduling resources. It has been shown by system level simulation that the offloading rate of 4 30dBm LPNs deployed in Macro cell is less than 40% (on average each LPN can only serve 10% UE) [2]. Especially in realistic deployments, the centre of the hotspot area is not easy to be located accurately and/or it might be not possible to deploy the NodeB in that location. These limitations further decrease the offloading rate of the LPN. Hence CIO adaptation can be seen as a useful tool to balance the load between Macro and LPNs.
In the SI phase, system level simulations showed that the adaptive CIO configuration can bring average and edge performance gain compared to static CIO configuration. The CIO parameter could be adapted so that the adaptation metric of 5%-tile performance can be optimized for each NodeB. The adaptation metric can be the 5% percentile SINR or 5% percentile UE throughput [2].
In the WI phase, it has been proposed that the UE can report its capability to the network and the network can configure the adaptive CIO to a group of UEs having similar receiver capability [3]. It may be risky to apply a CIO to a group of UEs simultaneously because this would impact the network loading and performance, and such impact is difficult to be predicted. UE-specific CIO is another alternative. Although UE-specific CIO is applicable in current networks, the network does not know the UE capability and it would be difficult to determine the appropriate CIO for each UE to maximize network performance.
2.2 CIO determination at the RNC
The UE data rate is determined by the allocated resources and link level performance. In order to make a good decision regarding the UE-specific CIO value, or generally about the UE-specific offloading, the RNC needs to estimate the potential gain in data rate for the UE after offloading.
Gains on scheduling resources:
As shown in the Figure1, in the typical scenario for UE-specific CIO adaptation, the Macro cell is overloaded and LPN is lightly loaded. Once the CIO is changed and the UE is offloaded to the candidate neighbour cell (LPN), if there are more available scheduling resources at the LPN than at the Macro, the UE will have more scheduling opportunities. The throughput performance for that UE after offloading should improve however the channel quality after offloading might be worse that before, and performance degradation can occur. The RNC has knowledge of the loads in the Macro and LPN and is able to calculate the available scheduling resource for that UE after offloading.
Link level performance difference:
Link level performance will be different before and after offloading. Hence, before the determination of offloading a UE (or equivalently setting a certain CIO), the link level performance difference should be estimated by the network to avoid possible severe performance degradation for the offloaded UE. The link level performance is impacted by the radio link condition and the UE capabilities, such as number of receiver antennas, receiver type, etc. Clearly under the same radio link conditions, the realistic performance is different for UE with different capabilities. 
Currently, the RNC can know the radio link conditions of the UE by using legacy measurements RSCP or Ec/No. For the realistic link performance from the serving cell (Macro cell), it is possible for RNC to request to the serving cell to report the related CQI information. For the realistic link level performance after offloading, which corresponds to the link quality in the neighbour cell, it is difficult for the RNC to predict it because of the lack of information about UE capability and quality of the neighbouring radio links. It will be then useful that the RNC receives such information.
2.3 Long term CQI measurement
The CIO adaptation and offloading is a semi-static operation, and long term measurements should be used to estimate the link quality. It is proposed that long term measurements for the neighbour cells should be done and reported by the configured UE to the network.

A new measurement can be defined for the long term CQI for the candidate neighbour cell, LCQI_candidate. The legacy CQI defined in Section 6A.2 in 3GPP TS 25.214 [4] is calculated for the candidate neighbour cell. This physical layer measurement is then filtered according the standardized model illustrated in Figure 2 which is defined in Section 9.1 of 3GPP TS 25.302 [5]. After layer 3 filtering, the long term CQI for the candidate neighbour cell is then obtained.
The legacy CQI from the serving cell is also assumed to be filtered, and a long term CQI, LCQI_serving, is obtained.  
The filtered values, LCQI_serving and LCQI_candidate are reported to the RNC when a measurement event is triggered. The RNC will estimate the UE link performance difference before and after offloading and determine when offloading the UE to the candidate neighbour cell. One example could be calculating the difference of the two long term CQIs and compare to a predefined threshold.
· 
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Figure 2: Measurement model in Figure 7 in TS 25.302
Proposal: Higher layer measurements on channel quality (long term CQI measurement) are introduced to measure the UE realistic link level performance for serving cell and candidate neighbour cells.
2.4 Specification impact
The long term CQI measurement needs to be defined for the candidate neighbour cell. The legacy layer 3 filtering model can be used with the physical layer measurements of the candidate neighbour cell.

For the reporting of the long term CQI values for serving cell and candidate neighbour cell for offloading, a new measurement configuration should be specified and new IE should be introduced accordingly. 
3. Conclusions
Considering the limitations of cell-specific CIO adaptation, UE-specific CIO is proposed to be adopted. To optimize CIO adaptation/offloading decision, the RNC needs the information regarding the load in the network as well as the information of the difference in link level performance due to offloading. Load information is known at the RNC, while the link level performance from the candidate neighbour cell would be difficult to be predicted by the RNC from the current reported measurements.

Long term CQI measurement quantities for the serving cell and candidate neighbour cell are proposed to be reported to the RNC. The long term CQI measurements can be defined by applying legacy layer 3 filtering to the physical layer CQI measurements. Based on the long term CQI measurements for serving and candidate neighbour cells, the RNC can make a decision on the offloading of the UE and assign a UE-specific CIO. This allows the optimization of the load balancing between Macro cell and LPNs, which is key in realistic Hetnet deployments.
Proposal: Higher layer measurements on channel quality (long term CQI measurement) are introduced to measure the UE realistic link level performance for serving cell and candidate neighbour cells.
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