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Discussion/Decision
1. Introduction

In RAN#63, the CIO adaptation was approved to be further considered within the WID scope [1] and in RAN1#76bis the solution of introducing long term CQI [2] was proposed to support offloading and CIO adaptation on network side. This contribution further discusses this solution.
2. Limited LPN offloading rate in Hetnet
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Figure 1: Target scenario for CIO adaptation
An issue of Hetnet deployment today is the limited offloading rate from the Macro NodeB to the LPN as illustrated in Figure 1. The data rate of some Macro UEs, especially cell-edge Macro UEs, is restricted due to 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) [3]. Also 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 and smart offloading can be seen as a useful tool to balance the load between Macro and LPNs.
3. Offloading in legacy systems 

The throughput of the offloaded UE will be impacted after offloading, and the user throughput of the offloaded UE should be guaranteed. In current networks, it is difficult to make a good decision about offloading because the network does not know the link level performance after offloading.

The UE throughput is determined by two aspects: the allocated resources and link level performance. The load status is available on the RNC, however the link level performance difference is impacted by the radio link conditions, UE receiver capabilities, such as number of receiver antennas, receiver type, etc. Regarding the UE receiver capabilities, even for the same configuration of Rx antennas and receiver types, performance will be different for different UE implementations. Hence the legacy measurement quantities, such as RSCP and Ec/No, can not reflect the performance difference before and after offloading, and the offloading decision will not be optimal.  

4. Offloading based on long term CQI measurements
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Figure 2: Long term CQI based offloading procedure
As illustrated in Figure 2, the UE specific offloading procedure based on the long term CQI measurements can be described as following:
1) RNC configures the long term CQI measurements
The RNC can estimate the load in the Macro cell and related LPNs. Once the load of the Macro cell and related LPN are imbalanced, the RNC can configure the long term CQI measurement on the concerned UE, which is currently served by the Macro cell but in the edge area of Macro and LPN. The concerned UE can be identified by using early event 1A triggered measurement report, which has been discussed in [4].
The offloading decision should consider the user experience after offloading. The user experience is impacted by the allocated scheduling resources and link level performance. The available scheduling resources are known by the RNC, however link level performance is difficult to be estimated by the network due to the changing channel condition, UE receiver capability, etc. Hence, long term CQI measurement is needed to be configured and reported to the network. 
2) RNC configures an event triggering measurement report 
The triggering condition of the event can be defined as the difference between the CQI of the current serving cell and the candidate new serving cell as follows:
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where the L_CQI is the long term CQI. On the Macro UE, once the difference between the long term CQI value of one candidate LPN and the original serving cell (Macro) is smaller than the configured threshold, L_CQI_Threshold, the UE is triggered to send a measurement report to the RNC which includes the measured long term CQI values.
The threshold is determined and configured by the RNC, and should depend on the load status of the Macro and LPN. For example, if the Macro has high load and the LPN has low load, the LPN can provide more scheduling opportunities to the offloaded UE. Hence, the UE can keep the required user experience even with worse link level performance. In this case, the RNC can configure a larger threshold on the Macro UE.
The triggered measurement report can either be a new defined measurement report or a legacy measurement report with additional IE conveying the long term CQI quantities.
3) When the RNC receives the new measurement report, RNC can estimate the link level performance difference before and after offloading. Then based on the link level information and the load of the LPN, the RNC estimates the user experience if the UE would be offloaded, and decides if to offload the UE or not. Hence, the RNC decides on the offloading, so that the offloaded UE performance can be guaranteed and the network load is balanced. 
4) Once the offloading decision is made, the serving cell change procedure is directly initiated. In order to avoid huge number of measurement reports after offloading, a new CIO parameter can be updated by the RNC to the Macro UE for the event 1A and 1D triggering.
5. Conclusions
The low offloading rate from the Macro to the LPN is a restriction for Hetnet deployments. In current networks, it is challenging for the RNC to do the offloading decision due to the lack of information regarding link level performance difference before and after offloading.

This contribution illustrates the details of the long term CQI measurement based offloading mechanism. By using the long term CQI based event triggering measurement report, the RNC can estimate the link level performance after offloading. And together with the load information, the RNC can optimize the offloading decision of a certain UE. 
Due to small impact on RAN1 specification, we propose to consider this long term CQI measurement solution in Rel-12 Hetnet WI. 

Proposal: Consider the long term CQI measurement and offloading mechanism in Rel-12, and send LS to RAN2.  
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