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1. Introduction

This contribution is part of a set of two which details the different offloading scenarios for single and dual carrier. In particular, we detail our view on the role of the different actors (Ue, NodeB, and RNC) and the communication between each of them. Another contribution already summarized the offloading solution elements involving the Ue and NodeB [1]. To complete the picture, this contribution describes the elements involved in the NodeB-RNC connection.

The phases of a UE in NAICS are shown in Figure 1. The figure shows the case of two cells and a single carrier but the mechanism can be extended to two carriers without loss of generality. In this contribution, we denote as site a cell in single carrier case or a primary cell and its secondary cell in dual carrier. By extension, the serving site denotes the serving cell in single carrier and the serving cell and its secondary serving cell in dual carrier. 

Case1 is the starting point of the UE. It is connected to site A and out of the imbalance region. No offloading is possible. 

Case2 is the case where the UE is in the imbalance region. As it enters the region, the UE is configured to support offloading by reporting CQI from its serving site as well as its candidate site. In that region, the RNC collects all the CQI measurements from the UE and can eventually decide whether to initiate a serving cell change. When the UE leaves the imbalance region, it is reconfigured and stops reporting CQIs from the second best cell. The RNC also stops collecting CQIs from the serving and second best cell at that point. 

Case 3 is the case where the UE has left the imbalance region and is now using site B as its serving site. 
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Figure 1: NAICS offloading cases.
2. NodeB- RNC communication in the imbalance region
2.1. On the CQI Reporting to the RNC
For single carrier cases, the report period over the HS-DPCCH is 1 TTI for 2 CQI reports. For dual carrier, the report is split over 2 TTI for a total of 3 or 4CQI depending of the MF case. Therefore the information is received at the NodeB at the same rate for the case of single carrier MF case1 and dual carrier MF case 11. Dual carrier MF case 5 has a lower rate than case 11 since it only reports 3 CQIs. 

As the responsibility for offloading ultimately resides in the RNC, CQI value information must reach the RNC. How this message is conveyed is an issue which needs to balance the need for an accurate picture of the CQI situation for the offloading algorithm and the need for a bandwidth efficient and thus compact NBAP message.

2.2. CQI assessment message

 The exact content of the message is not specified, as it may be proprietary. Only the message and its amount of allocated bits are standardized. The message is a dedicated message which is particular to one UE. The message size in bits can be reduced by clever design of the offloading algorithm. The RNC is the final deciding entity in the offloading algorithm. However, parts of the algorithm can be outsourced to the NodeB in order to save NBAP bandwidth. 

The amount of information to be forwarded can be reduced to as little as 1bit per carrier. This indicator can mean several things, for example, the CQI in the candidate cell is higher than in the current serving cell. It can also mean that the NodeB would recommend offloading based on all the input it has at its disposition, including the CQI information. 

It has been argued that 1 bit would make it difficult to differentiate between candidate UEs for the RNC offloading algorithm[2].It is worth noting that all UEs which are candidates for offloading need to be satisfying 3 criteria:

· Compatibility with Release 11 or more recent, to support Multiflow 

· IC/IS enabled
· In the imbalance region and with two cells at least in the active set.

That makes the likelihood of two UEs being in the exact same offloading scenario and sharing the same serving and second best site very low. Even with several UEs as offloading candidate, the RNC has access to measurements such as load for each cell and grants for each UE so that it can decide which UE to offload without adding more details to the reported CQI at the RNC. Based on these observations, the requirement for more bits transmitted to the RNC only for reporting CQI values cannot be motivated. 
However, additional bits could be allocated so that extra data related to CQI can be transmitted as part of the message. One proposal is to add an extra bit per carrier to signal that the CQI in the second best cell is greater than a predefined threshold. The threshold can be configured via a message between RNC and NodeB. The four possible values taken by the message are listed in table 1.
Table 1: CQI assessment message

	0 0
	CQI in serving cell is greater than in the second best cell

	0 1
	CQI in serving cell is greater than in the second best cell and above a predefined threshold

	1 0
	CQI in second best cell is greater than in the serving cell

	1 1
	CQI in second best cell is greater than in the serving cell and above a predefined threshold


Proposal: The CQI assessment message consists of two bits for each carrier, decoded as shown in table 1.
2.3. Reporting Setup/Teardown and frequency
When the UE enters the imbalance region, the UE is configured using one of the Multiflow cases stated in section 2. As a part of the setup procedure to configure the Multiflow case, a measurement configuration message can be sent to set up the reporting of CQI from the NodeB to the RNC. 
In our view, the CQI reporting should follow Multiflow, i.e. it should start and end as the Ue enters and leave the so called imbalance region. The trigger used to start reporting is already standardized as it follows event 1A and therefore no additional impact is needed to trigger the reporting. The only matter left to standardize are the CQI report over NBAP requirements and the details of the setup and teardown message. 
2.4. NBAP CQI report as an information to be forwarded

If the CQI assessment is treated as a new piece of information to be forwarded, The CQI report over NBAP requirement is a pure RAN2/3 issue as it only requires new content for an Information Element (IE) to be specified. The report is not a new measurement since it is based on CQI from HSDPCCH, which is already specified. It is therefore merely a piece of information to be transmitted to the RNC, with a message content to be decided. As said before, the content of the message can be as short as two bit. The exact detail of the message format as well as the IE the setup/teardown procedure is handled by the appropriate working groups. 

3. Conclusion

This paper completed the presentation started in [1] of the parts active in the transmission of CQI information from the UE to the RNC for the purpose of offloading a UE in NAICS. Principle for sending CQI to the RNC was presented. The reporting setup, teardown and frequency for the CQI over NBAP were discussed. 
The amount of bit required to convey the information to the RNC was discussed and it was proposed to report up to two bit per UE for each carrier. It was also concluded that as CQI should be treated as information to be forwarded rather than a new measurement, the CQI forwarding message was a pure RAN2/3 issue. The following proposal was made:
Proposal: The CQI assessment message consists of two bits for each carrier, decoded as shown in table 1.
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