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1 Introduction
In this contribution, we will discuss the SI and Happy Bit reporting in DC HSUPA. We propose to send two SI and two Happy Bit streams on both carriers. The redundancy in the SI and Happy Bit feedback will also be discussed. 
For the convenience of presentation, we use the term ‘anchor’ carrier to refer to the carrier on which the HS-DPCCH is transmitted. 
2 Fields inside Scheduling Information
Per [1], the Scheduling Information is used to provide the serving Node B with a better view of the amount of system resources needed by the UE and the amount of resources it can actually make use of. This information includes the following fields:
· Highest priority Logical channel ID (HLID): 4 bits
· Total E-DCH Buffer Status (TEBS): 5bits
· Highest priority Logical channel Buffer Status (HLBS): 4 bits
· UE Power Headroom (UPH): 5 bits.
In the single carrier system, UPH is the ratio of the maximum UE transmission power and the corresponding DPCCH code power, and shall be calculated as following:
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where:

Pmax,tx = min {Maximum allowed UL TX Power, Pmax} is the UE maximum transmission power;

Maximum allowed UL TX Power is set by UTRAN and defined in [6];

Pmax is the UE nominal maximum output power according to the UE power class and specified in [3] table 6.1;

PDPCCH is the filtered transmitted code power on DPCCH.
3 Headroom feedback for DC-HSUPA
In DC-HSUPA, the channel conditions of the two carriers are not always correlated. The difference in channel conditions can be utilized by the Node B scheduler to maximize UE throughput given the shared maximum transmit power of the two carriers. Therefore we propose that UE sends two Scheduling Information feedbacks on the two carriers. Each SI contains a UPH field as the UE power headroom on carrier i. UPHi  is computed as

UPHi =(Pmax,tx /2)/PDPCCH,i ,

where PDPCCH,i is the filtered value of the transmitted code power on DPCCH of carrier i. 
The motivations to use (Pmax,tx /2) instead of Pmax,tx are:

1.   To facilitate independent Node B scheduing

If the Node B scheduler makes independent decisions on the grant on each carrier, the Node B scheduler must avoid sending two grants which require a total transmit power higher than Pmax,tx. Since the reported UPHi is computed based on half of all the available power for each carrier, the scheduler for each carrier can simply assume the usable power headroom is exactly the reported value. 

2.   To provide better dynamic range of the 5 bits for UPH. 

Using (Pmax,tx /2) will expand the region where the headroom feedback is not limited by its maximum value. This expansion is important for DC HSUPA because UEs with two uplink will more likely be close to the cell center. 

If the Node B scheduler makes joint decisions on the grants on both carriers, it should redistribute the power headroom between the two carriers. To achieve higher data rates, the Node B scheduler should issue higher grant to the carrier with larger reported headroom. Consequently, the grant sent by the Node B on the carrier with better channel quality (lower DPCCH transmit power at UE, or larger reported headroom) may be higher than the UE request, measured by T2P. 

4 Queue information feedback for DC-HSUPA
The queue length related information, including HLID, TEBS and HLBS, is common to both carriers. Since the 18-bit format is defined as an E-TFC, we propose no change to the overall format of the SI message. Therefore, there are 13 redundant bits in the SI on the secondary carrier. We propose to reserve these 13 bits for other feedback useful for the uplink operations. 
5 Scheduling Information reporting procedure
It remains FFS the timing relationship between the generation and transmission of the two SI feedback streams on both carriers.  
6 Happy Bit Setting

The Happy Bit is included in the E-DPCCH for every E-DCH transmission. The condition of setting it to “unhappy” is based on the UE headroom, Serving Grant, selected E-TFC and queue lengths. The condition of setting the Happy Bit on the anchor can be easily modified to be based on UE total headroom, combined Serving Grant, combined E-TFC and queue lengths. The changes are detailed in Appendix 9.1. These easy changes will make the Happy Bit on the secondary carrier redundant. We propose to reserve the Happy Bit on the secondary carrier for other feedback. 

7 Conclusions
Proposal 1: UE sends two Scheduling Information feedbacks on the two carriers. The SI format is unchanged from Rel.8. 

Proposal 2: Each SI contains a UPH field as the UE power headroom on that carrier, computed assuming half of the maximum power can be used on that carrier. 
Proposal 2: In SI on the secondary carrier, the 13 bits originally for the queue length feedback are reserved. 
Proposal 3: The Happy Bit on the secondary carrier is reserved. 
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9 Appendix
9.1 


Happy Bit setting on the anchor carrier

For every E-DCH transmission, the Happy Bit on the anchor carrier shall be set to "unhappy" if the three following criteria are met:

1)
UE is transmitting as much scheduled data as allowed by the current Serving_Grant in E-TFC selection on both carriers; and 
2)
UE has enough power available to transmit at higher data rate on at least one of the carriers; and

3)
Based on the same power offset as the one selected in E-TFC selection to transmit data in the same TTI as the Happy Bit, TEBS would require more than Happy_Bit_Delay_Condition ms to be transmited with the current Total_Serving_Grant × the ratio of active processes to the total number of processes, where Total_Serving_Grant is the sum of the Serving_Grant on both carriers, and the ratio of active processes to the total number of processes is computed by combining the HARQ status from both carriers. 
The first criterion is always true for a deactivated process and the ratio of the third criteria is always 1 for 10ms TTI.
Otherwise, the Happy Bit on the anchor carrier shall be set to "happy".
In order to assess if it has enough power available to transmit at higher data rate on one carrier the UE shall:

1)
If MAC-i/is is configured, identify the E-TFC that has a transport block size at least 32 bits larger than the transport block size of the E-TFC selected for transmission in the same TTI as the Happy Bit. Otherwise, identify the E-TFC that has a transport block size at least x bits larger than the transport block size of the E-TFC selected for transmission in the same TTI as the Happy Bit, where x is the smallest RLC PDU size configured among all the logical channels that do not belong to non-scheduled MAC-d flows and which have data in the buffer; and
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