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1. Introduction
At the RAN#69 plenary meeting, the work item to specify the offloading mechanism for NAICS enabled UEs was agreed.  In this paper, we elaborate in detail what in our view would be needed to introduce a simple but robust offloading mechanism, with an emphasis on minimizing impact to network and UE implementation. 
The paper is organized as follow. In section 2, the assumed system setup and the needed elements for offloading are presented. In section 3, the offloading solution is presented in details. In a RAN1 perspective, the solution only impacts the CQI reporting carried on the HS-DPCCH. Higher layer impact is also assessed in order to make RAN2 aware of the foreseen signaling impacts.  Finally in section 4 we present our conclusions. 

2. System setup 
2.1 Offloading using cell change
Figure 1 shows the interactions and signals between the main network entities involved in offloading a UE to a second best cell. The figure shows the network links prior to and after offloading. 

[image: image1.emf]A

RNC connection

HSDPCCH uplink

HS-DSCH downlink

RNC


[image: image2.emf]RNC

RNC connection

HSDPCCH uplink

HS-DSCH downlink


Figure 1: Connections before and after offloading.
The system is assumed to be using a single carrier. The UE is connected to Cell A which also is the UE’s serving cell. The UE’s HS-DPCCH as well as its downlink data flow are connected to the serving cell. The second best cell is a member of the UE’s active set. The UE may be offloaded by means of a serving cell change.
The offloading candidate UE is assumed to be either IC or IS enabled. For offloading to be considered, it is also assumed that the UE is located in the so-called imbalance region, where both the serving cell and the second best cell are reachable to the UE (cell overlapping). In this situation, the (proprietary) offloading algorithm may assess (i.e. if configured) the network’s possibility to offload the UE. The offloading decision algorithm resides in the RNC. 
Observation 1: The offloading algorithm on the network side is entirely proprietary. Its input and output signals and procedures are to be standardized. 

The standard-impacting part of this offloading solution is articulated around the following elements:

· HS-DPCCH reporting of CQIs from the serving cell and the second best cell to the NodeB, along with ACK/NACK information (based on re-using existing physical channel mapping configurations).
· CQI assessment forwarding from the NodeB to the RNC.

· Event 1D suppression for offloading inside the imbalance region. 

· Cell change procedure once offloading has been decided.
Only the HS-DPCCH physical channel mapping for the purpose of offloading is a RAN1 issue. The other elements are the concern of RAN2. Event 1D suppression was discussed in [7]

 REF _Ref430602217 \r \h 
 \* MERGEFORMAT [8]. The cell change procedure is already standardized. CQI assessment forwarding involves NBAP signalling and is therefore a RAN2 issue. 
2.2 On re-using standardized functionalities for the NAICS offloading solution
As discussed several times during the study item phase of the topic [1]

 REF _Ref429643265 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref430177854 \r \h 
 \* MERGEFORMAT [5], offloading for NAICS will rely on a mechanism reusing functionalities that may enable the handling of multiple cell connections (in the fashion of SF-DC). The mechanism, however, does not require the network to be Multiflow or multicarrier enabled, as NAICS is an entirely independent feature from these capabilities. 
In addition to the assumption stated in section 2, the following Multiflow functionalities can be re-used for the building NAICS Offloading solution:

· UE reporting the CQI of the serving cell and the second best cell using an existing appropriate HS-DPCCH format (e.g., The ACK/NACK and CQI for each cell are transmitted jointly per TTI) available in Multiflow/Multicarrier.             
· HS-DPCCH is only decoded by the serving cell.

3. Offloading Mechanics
In this section, we describe how the offloading operation based on Multiflow can be carried out from a network perspective. The solution re-uses the HS-DPCCH physical channel mapping from the Multiflow framework, but does not require the network to support Multiflow.  
3.1 Higher layer operations

3.1.1  Cell Change in imbalance region
A diagram representing the serving cell regions is shown in figure 2. The two cells are overlapping in the so called imbalance region, where IC enabled UEs could potentially benefit from offloading. As the figure show, a cell change in the imbalance region could trigger undesirable (i.e., from an offloading solution perspective) event 1D reports and therefore, when offloading cell changes are triggered, event 1D needs to be suppressed [8]. The appropriate signaling for the suppression of event 1D is a RAN2 issue [7].
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Figure 2 Cell boundaries and imbalance region.
Observation 2: With offloading based on cell changes in the imbalance region, event 1D should be suppressed. 

Proposal 1: Use legacy cell change with event 1D suppression as basic offloading mechanism.

3.2 HS-DPCCH reporting of CQI and ACK/NACK/DTX
For offloading assessment, the UE should report CQI for both the serving cell and the second best cell. An HS-DPCCH configuration allowing for the reporting of the two CQIs can be found in the Multiflow section of TS 21.212 as described in [4], section 4.7.3D, “Channel coding for HS-DPCCH when the UE is configured in Multiflow mode”.  The HS-DPCCH configuration is stated in TS 25.212 table 15C.8. The codebook for the HARQ-ACK field is given in TS 25.212 section 4.7.3A. HS-DPCCH is transmitted using slot format #0. 
Proposal 2: For the purpose of offloading, use HS-DPCCH carrying HARQ and CQI information for both the serving and second best cell. Discuss and clarify the encoding of ACK/NACK for transmission over HS-DPCCH.
CQI encoding is detailed in TS 25.212 section 4.7.3A and no modification is necessary. Encoding of CQI can be done using either a single codeword or both CQIs, or by encoding CQIs separately. The advantage of separate coding is that it allows sending both CQI at different reporting frequency. 
Proposal 3: Discuss and clarify the TTI structure of HS-DPCCH when configured to carry offloading information. It is proposed to carry HARQ, serving cell CQI and second best cell CQI as three separate entities.
3.3 CQI assessment forwarding

The NodeB receives CQIs from the serving cell and the second best cell. These measurements are unfiltered and transmitted on a TTI basis by the UE, as specified in the legacy. To save Iub bandwidth, it has been proposed that the NodeB could produce a recommendation on which CQI is the strongest among the ones that were received and only forward this recommendation to the RNC over NBAP. This will only require a single bit of information to be transmitted, compared to the minimum of 10 bits to transmit two CQI values [1]. How the CQI is chosen is proprietary. 

The frequency of the CQI assessment report over Iub does not need to follow the frequency of CQI reports. The reports should be initiated upon the request of the NodeB or RNC, when either of these entities concludes that an offloading opportunity has arisen. One possibility is to constrain reporting to the imbalance region.
Observation 3: The CQI assessment algorithm is part of the offloading mechanism and is therefore proprietary.
Proposal 4:  Discuss and clarify the forwarding of the CQI assessment over NBAP. (This would require only a single bit of information to be transmitted, compared to the minimum of 10 bits to transmit two CQI values). The exact nature of the signal and message is a RAN2 issue.
4. Conclusion
This paper presented a simple yet robust solution to enable offloading by using HS-DPCCH CQI reports from the serving cell and the second best cell. With these reports as input, a proprietary algorithm can trigger offloading by requesting a cell change. 

In a RAN1 perspective, the only impact of the proposed mechanism lies in the  CQI reporting carried on HS-DPCCH, for which a format (physical channel mapping)  to report the two CQIs is already available in the standard. The structure of the HS-DPCCH channel content in a TTI was discussed and it was recommended to re-use the multiflow HS-DPCCH structure (3 slots with HARQ followed with CQIs). 

The following signalling has been identified as a RAN2 issue and should be forwarded to the RAN2 group:

· Transfer of the CQI assessment from the NodeB to the RNC over NBAP. 

· Event 1D suppression in the imbalance region.
· Cell change when offloading is triggered. 
 The following observation and proposal were made: 
Observation 1: The offloading algorithm on the network side is entirely proprietary. Its input and output signals and procedure are to be standardized. 
Observation 2:  With offloading based on cell changes in the imbalance region, event 1D should be suppressed. 
Observation 3:  The CQI assessment algorithm is part of the offloading mechanism and is therefore proprietary.
 Proposal 1: Use legacy cell change with event 1D suppression as basic offloading mechanism.

Proposal 2: For the purpose of offloading, use HS-DPCCH carrying HARQ and CQI information for both the serving and second best cell. Discuss and clarify the encoding of ACK/NACK for transmission over HS-DPCCH.

Proposal 3:  Discuss and clarify the TTI structure of HS-DPCCH when configured to carry offloading information. It is proposed to carry HARQ, serving cell CQI and second best cell CQI as three separate entities.
Proposal 4:  Discuss and clarify the forwarding of the CQI assessment over NBAP. (This would require only a single bit of information to be transmitted, compared to the minimum of 10bits to transmit two CQI values). The exact nature of the signal and message is a RAN2 issue.
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