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1. [bookmark: _Toc407383460][bookmark: _Toc410322969][bookmark: _Toc410323898]Introduction
This contribution introduces the enhanced offloading based on SF-DC UE capability for the technical report. It is proposed to include the findings for the study item on UMTS NAICS [1]. 
2. [bookmark: _Toc407383461][bookmark: _Toc410322970][bookmark: _Toc410323899]Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
[bookmark: _Toc420933008][bookmark: _Toc420933442][bookmark: _Toc420933502][bookmark: _Toc420941284][bookmark: _Toc420942527]7.3.2.4 Enhanced offloading based on non-MF capable NodeBs
In a system where the network and the UE support similar functionalities compared to ones that are available in multifow, offloading can be achieved. For example, the mechanism described in Section 7.3.2.3 re-uses one of the existing functionalities in the SF-DC multiflow configuration. It is noted that similar mechanism also works in the multicarrier scenario.  However,  the network does not necessarily need to support MF to successfully offload a multiflow-enabled UE. The network can use the multiflow capability of the UE to receive CQI reports from both the serving cell and the candidate cell.
If the NodeB does not support MF, it is still possible to enable the enhanced offloading mechanism with multiflow UE with minimum adaptation at the NodeB. For MF, joint feedback for HARQ-ACK and CQI is used, so that the UE can receive data from the serving cell and the assisting serving cell simultaneously. Specific timing configurations among the serving cell, the assisting serving cell, and the UE are carefully defined in the multiflow. At the NodeB side, if the NodeB is a non-reference cell, it needs to adjust its timing to receive the HS-DPCCH, as well as its HARQ-ACK timing to send data, though it is in the active set of the UE. Otherwise, it has no CQI to schedule data for the UE. As a result, the offloading scheme in Section 7.3.2.3 can only work with NodeBs supporting multiflow. 
In this section, we provide a solution to enable the enhanced offloading scheme to NodeBs that already supports receiving multiple CQIs simultaneously, e.g., DC capable NodeB, where its HS-DPCCH format is the same as that in multiflow. For the purpose of brevity, the following text only discuss the mechanism under single carrier scenario. However, it is worth noting that such mechanism also works in the multicarrier scenario.
For the enhanced offloading mechanism, we have observed that it is sufficient to route data from one of the cells only.


Iub signaling to inform the RNC of the status of the CQIs in the serving cell and the candidate cell as discussed in Section 7.3.2.3 is required to be introduced. It is noted that it is always desired to reduce amount of Iub signaling overhead. Alternative ways of sending 2 CQIs to the RNC directly can also be considered, e.g., by sending only 1 bit reflecting which CQI is better. In addition, the NodeB shall be able to receive multiple CQIs, e.g., (SF-)DC format HS-DPCCH. As the timing requirement in Section 7.3.2.3 is not supported, when the RNC decides to change the cell to send data, legacy serving cell change procedure can be applied. This is different from the MF operation, where RNC can change the cell to send data anytime, or send data from both cells simultaneously. Figure x illustrates the enhanced offloading based on non-MF capable NodeBs.


Figure x Enhanced offloading based on non-MF capable NodeBs
Assume UE is moving from Cell A towards Cell B. Event 1A/Event 1D are used as indicators to activate/deactivate the CQI reporting with multiflow format, but not for serving cell change. Both NodeBs do not support MF, but support receiving CQI reporting with multiflow format and informing the RNC of the status of the CQIs of Cell A and Cell B. At the red point, SF-DC UE starts to send both CQIs to Cell A’s NodeB. NodeB reports CQIlt,A and CQIlt,B to the RNC so that RNC can make the decision to offload the UE to Cell B at the proper occasion. For example, at the green point, serving cell change from Cell A to Cell B is initiated. At the blue point, Event 1D is reported and the network would configure the UE to report Cell B’s CQI only. In this solution, UE’s timing is adjusted in the legacy serving cell change procedure. Enhanced offloading is able to work properly when the NodeB does not support MF.
With the introduction of an additional Iub signaling informing the RNC of the status of the CQIs of the cells, both MF based solution and non-MF based solution are able to perform the enhanced offloading mechanism with a Rel-11 SF-DC capable UE. For non-MF capable NodeB, additional capability to receive SF-DC format HS-DPCCH is required. This is already supported for some NodeBs, e.g., DC capable NodeB.  In addition, RNC should be able to indicate a non-MF NodeB, e.g., a DC NodeB, to receive the feedback from a UE in SF-DC mode. Otherwise, the NodeB would not treat the CQI reflecting the candidate cell’s link quality properly. It may, for example, treat the other CQI as the one reflecting secondary serving cell’s link quality if it is a DC NodeB.
[bookmark: _Toc420933003][bookmark: _Toc420933438][bookmark: _Toc420933498][bookmark: _Toc420941280][bookmark: _Toc420942523]7.3.2.4.1 Potential optimizations at the UE side
In the enhanced offloading mechanism, data is only sent from one of the cells. Simplification can be made to an SF-DC capable UE, which is required to receive data from both cells simultaneously. It is noted that such optimizations are applicable to both solutions in Section 7.3.2.3 and 7.3.2.4.
1. HARQ-ACK field
As an SF-DC UE would feedback HARQ-ACK for the data from both cells simultaneously, the HARQ-ACK field consists of 2 feedbacks. It is required to increase the power of HARQ-ACK field by 1dB when compared with the case consisting of only 1 feedback. If only the enhanced offloading is to be configured, only the feedback for the serving cell is required. The feedback for the other cell can be always DTXed. So, the power of HARQ-ACK field in the enhanced offloading case can be 1dB less than the SF-DC case. The reception quality at the NodeB will not be degraded, if the NodeB knows that only 1 feedback is sent. This can benefit the uplink transmit power of the UE and the uplink interference to the network.
2. HS-SCCH reception
An SF-DC UE would detect the HS-SCCH from both cells simultaneously, because it is required to receive data from both cells simultaneously. For the enhanced offloading mechanism, however, this is not required. In addition, if the NodeB does not support multiflow, it would never send HS-SCCH to the UE when it is not the UE’s serving cell. So, in this case, UE does not need to detect HS-SCCH from the candidate serving cell. This can reduce the power consumption for HS-SCCH detection at the UE side.
3. CQI reporting
An SF-DC UE would report the CQIs for both cells with a short cycle, so that both cells will be able to schedule data to the UE with a proper CQI. However, this is only required at the serving cell. If a NodeB does not support multiflow, it will not receive the UE’s HS-DPCCH when it is not the serving cell. As the candidate serving cell’s CQI is only useful at the RNC for data routing, a long term (i,e. filtered) CQI can be reported with a long cycle. This way, the UE can report a long term CQI for the candidate serving cell with a long cycle, while report the legacy CQI for the serving cell with a short cycle. The transmit power on the CQI field possibly could be reduced by not reporting 2 CQIs all the time however the exact power saving would require further evaluations.  It is noted that the solution in 7.3.2.2  also proposes using long term CQI reporting.
[-------------------------------------------------------------TEXT END------------------------------------------------------------]
3. Conclusion
It is proposed to agree to and capture the text proposal presented in this document in the UMTS NAICS TR [2]
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