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Discussion
1. Introduction
In RAN1 #81, a solution based on SF-DC capability of the network and the UE has been provided [1]. With the introduction of the Iub signaling at the network, enhanced offloading mechanism can work well in such scenario. However, there was concern that this solution would only work under the SF-DC capable network. In this contribution, further analysis is provided, showing that some modifications can be made at the network side so that the SF-DC UE can also perform the enhanced offloading mechanism under a non-MF capable network, e.g., DC capable network. In addition, simplification at the UE side is also possible for further enhancements. 
2. Discussions
2.1 Enhanced offloading based on MF capable NodeBs
In [1], SF-DC based solution was proposed. If the NodeB is MF capable, a simplified MF operation can be used for the purpose of enhanced offloading. 
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Figure 1 Enhanced offloading based on simplified MF
Figure 1 provides an implementation. Assume a UE is moving from high load Cell A towards low load Cell B, and the network wants to offload the UE to Cell B at a proper occasion, which is the green point between the red point and the blue point. In legacy MF, the RNC can only rely on the load factor between Cell A and Cell B to schedule data flows. Hence, the green point would be the same regardless of UE receiver types. 

In [1], it is proposed to allow RNC to acquire CQIA and CQIB from the NodeB in a certain region, so that offloading decision can be made according to UE’s link level performance in Cell A and Cell B. In this solution, an additional Iub signaling to report the link level performance from the NodeB to the RNC is required. CQIA and CQIB are initially reported by the UE to the NodeB, but not to the RNC. The NodeB would then derive long term CQIA, CQIlt,A and long term CQIlt,B, and send them to the RNC with Iub signaling. 

For example, when UE is at the red point, Event 1A can be reported to the RNC, triggered by legacy RSCP measurement. MF is then configured at the UE, so that UE can start to report CQIA and CQIB simultaneously to the NodeB. When Cell A’s NodeB receives these CQIs, it will derive long term CQIA, CQIlt,A and long term CQIlt,B, and send them to the RNC via Iub signaling. RNC can use these long term CQIs to decide whether to send data via Cell A or Cell B. For example, when CQIlt,B is higher than a certain threshold, or the difference of CQIlt,A and CQIlt,B is within a threshold, the RNC would decide to send data via Cell B. Meanwhile, as the NodeBs and the RNC are MF capable, the RNC can still use the legacy MF function to send data via both cells simultaneously. In order to save the transmit power as well as processing power at the UE, MF can be disabled when Event 1D is reported at the blue point. Then, UE will only send CQIB to the NodeB.
In summary, for a NodeB that already supports SF-DC, the enhanced offloading mechanism can be done with the introduction of the Iub signaling carrying the long term CQIs. We propose:
Proposal 1: Introduce Iub signaling to report long term CQI of the serving cell and the candidate serving cell to enable enhanced offloading mechanism. 
2.2 Enhanced offloading based on non-MF capable NodeBs
If the NodeB does not support MF, the above mechanism in Figure 1 cannot work properly. For MF, joint feedback for HARQ-ACK and CQI is used, so that the UE can receive data from Cell A and Cell B 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 Figure 1 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 2 CQIs simultaneously, e.g., DC capable NodeB, where its HS-DPCCH format is the same as that in multiflow.
For the enhanced offloading mechanism, we have the following observations:

Observation 1: The RNC needs to receive CQIs from the serving cell and the candidate serving cell. 
Observation 2: Data is only routed from one of the cells.
For Observation 1, Iub signaling as discussed in Section 2.1 is required. In addition, the NodeB shall be able to receive 2 CQIs, e.g., (SF-)DC format HS-DPCCH. For Observation 2, the timing requirement in Section 2.1 is not needed. 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 2 illustrates the enhanced offloading based on non-MF capable NodeBs.
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Figure 2 Enhanced offloading based on non-MF capable NodeBs
Assume UE is moving from Cell A towards Cell B. Both NodeBs do not support MF, but support receiving two CQIs and sending long term CQIs to the RNC. At the red point, SF-DC UE starts to send both CQIs to Cell A 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.
Comparing with Figure 1 and Figure 2, 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 both MF capable and non-MF capable NodeB, an additional Iub signaling reporting long term CQI is needed. For non-MF capable NodeB, additional requirement to receive SF-DC format HS-DPCCH is required. This is already supported for some NodeBs, e.g., DC capable NodeB.  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. We propose:
Proposal 2: Allow NodeB not supporting MF to receive CQIs reflecting the serving cell and the candidate cell link qualities. 
2.3 Potential optimizations at the UE side
According to Observation 2, in the enhanced offloading mechanism, data is only sent from 1 of the cells. Simplification can be made to an SF-DC capable UE, which is required to receive data from 2 cells simultaneously. It is noted that such optimizations are applicable to both 2.1 and 2.2.
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. So we propose:

Proposal 3: Consider to reduce the power of the HARQ-ACK field of the HS-DPCCH for an SF-DC UE when enhanced offloading is configured.

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. We propose:
Proposal 4: Consider to allow the SF-DC UE not to detect HS-SCCH from the candidate serving cell when enhanced offloading is configured.

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. According to Observation 2, 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 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 can be reduced by not reporting 2 CQIs all the time. The solution in [2] can be considered. We propose:
Proposal 5: Consider to report a long term CQI for the candidate serving cell with a longer reporting cycle.
3. Conclusions
In this contribution, enhanced offloading schemes based on MF capable NodeBs and non-MF capable NodeBs are discussed. It can be seen that with the introduction of Iub signaling, enhanced offloading can be performed with a Rel-11 SF-DC UE. For a NodeB that only supports receiving 2 CQIs simultaneously, e.g., DC NodeB, the Rel-11 SF-DC UE can also be used for the purpose of enhanced offloading. Further potential enhancements for an SF-DC UE are also considered. With simple simplifications, uplink power consumption and UE power consumption can be reduced. A TP is also attached in another contribution [3] for approval.
We propose:

Proposal 1: Introduce Iub signaling to report long term CQI of the serving cell and the candidate serving cell to enable enhanced offloading mechanism. 

Proposal 2: Allow NodeB not supporting MF to receive CQIs reflecting the serving cell and the candidate cell link qualities. 
Proposal 3: Consider to reduce the power of the HARQ-ACK field of the SF-DC HS-DPCCH when enhanced offloading is configured.

Proposal 4: Consider to allow the SF-DC UE not to detect HS-SCCH from the candidate serving cell when enhanced offloading is configured.

Proposal 5: Consider to report a long term CQI for the candidate serving cell with a longer reporting cycle.
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