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1 Introduction
Dual Cell HSUPA was approved as a work item in RP #43 and as part of ongoing efforts, the following agreements were made in RAN2 #66 [1] regarding the happy bit reporting in DC-HSUPA:

· HB is evaluated per UE. How and if the criteria are changed is FFS

· Both the primary carrier and secondary carrier transmit a Happy Bit
· The Happy Bit in the primary carrier and the secondary carrier is transmitted in every E-DCH transmission and included in the E-DPCCH for both carriers.
· There is a joint MAC buffer for DC-HSUPA

This contribution further discusses the use and setting of happy bit on both carriers.  
With reference to RAN1, the agreement made in RAN1 #57bis regarding the power scaling for DC-HSUPA may be found useful to the discussion:

· First, the E-DPDCH on the carrier with highest DPCCH power is scaled down until ed,k,reduced=ed,k,min  on that carrier.

· Then, if needed, the E-DPDCH on the other carrier is scaled down until ed,k,reduced=ed,k,min on that carrier. 
2 Discussion
Given the agreement that the state of happiness is evaluated per UE rather than per carrier, one bit is sufficient to report the state of the UE happiness to Node B.  However, since two E-DPCCH(s) are transmitted, one in each carrier, the UE has two bits available that can be used for the purpose of the Happy Bit delivery. One straightforward proposal is to set these two bits exactly the same and to report the same happy bit over both carriers.  Since the reliability of happy bit delivery is not a concern from the network point of view, we believe that sending the same information over two E-DPCCHs may be redundant and inefficient.  
If it is agreed that one bit is sufficient and there is no need to repeat the same information to the network, we propose to use the “Happy Bit” in only one carrier to report the happiness status of the UE.  The additional bit in E-DPCCH of the other carrier could be used for other purposes such as for improving the DC-HSUPA data transmission.  
Proposal 1: Use the Happy Bit in only one carrier to report the happiness status of UE. 
Given the decision made in last RAN2 meeting that there is only one joint MAC buffer for DC-HSUPA, the two serving grant should be jointly considered when evaluating the buffer status to decide if UE is “happy” or “unhappy”. Therefore, in line with [2], it is proposed to modify the “unhappy” criteria in Section 11.8.1.5 in 25.321 in the following way:

For every E-DCH transmission, the Happy Bit 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_Grants on both carriers in E-TFC selection; and 

2. UE has enough power available to transmit at higher data rate on any 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 transmitted with the current Serving_Grant in the primary carrier × the ratio of active processes to the total number of processes in the primary carrier and the current Serving grant in the secondary carrier x the ratio of active processes to the total number of processes in the secondary carrier.
Proposal 2: Set the primary Happy Bit according to the proposed criteria. 
If it is agreed that only one bit is used to report the state of happiness to the UE, the use of the additional bit in the E-DPCCH should be discussed.  In RAN2#66 a number of proposals were made on the utilization of the additional happy bit.  [3] proposes to reserve the Happy Bit in the secondary carrier for future use and [4] proposes several schemes that jointly encode the two Happy Bits to send additional information to the network in an effort of reducing the interference level or optimizing the grant allocation.  One of the proposals discusses the use of the happy bits to indicate a better carrier with the lower DPCCH power.
From last RAN1 meeting, it was decided that power scaling starts with the carrier with the highest DPCCH power. In addition, some of the competing proposals on E-TFC selection suggest to prioritize and to fill up the carrier with the lowest DPCCH power first.  Given that both of these procedures rely on the power of the DPCCH as a critical input, we believe that the additional information on the carrier with the lowest DPCCH power would assist the network in optimizing data transmission by appropriate grant allocation.  Therefore, it is proposed to use this additional Happy Bit to indicate the balance status of the UE headroom or DPCCH power on the two carriers.  Specifically, setting the second (namely the additional) Happy Bit is based on whether the headroom over one carrier is higher than that of the other carrier. 
In conjunction with the primary Happy Bit, use of the secondary Happy Bit translates to the following possible combinations: 

	Primary HB

(Happiness state bit)
	Second HB 

(DPCCH Quality bit)
	Interpretation

	0
	0
	happy, Pdpcch0 < Pdpcch1

	0
	1
	happy, Pdpcch0 > Pdpcch1

	1
	0
	unhappy, Pdpcch0 < Pdpcch1

	1
	1
	unhappy, Pdpcch0 > Pdpcch1


where Pdpcch0 represents the DPCCH power the primary carrier and  Pdpcch1 the DPCCH power of the secondary  carrier. 

Even if the state of the UE is set to happy, the network can still benefit from the DPCCH information provided via the secondary Happy Bit for better scheduling and interference mitigation.
Proposal 3:  Use the additional Happy Bit in the other carrier to indicate to Node B the balance status of the DPCCH power of the two carriers.

Even though this proposal assumes that two carriers are transmitting E-DCH data simultaneously, there can be scenarios where only one carrier is performing E-DCH transmission depending on the power, buffer and grant situation of the UE.  In this case there will be no E-DPCCH and thereby no Happy Bit being sent over the E-DCH inactive carrier.  In such situations, there are two options:
1. The happy bit on the E-DPCCH of the primary carrier carries the happiness status of the UE and the Happy Bit on the secondary E-DPCCH carries the additional information (e.g. the channel quality bit).  . 

2. If two carriers are transmitting E-DCH data, the happy bit is transmitted on the primary cell and the additional information bit (e.g. DPCCH quality bit) is transmitted on the secondary cell.  If only one carrier is transmitting E-DCH data, the E-DPCCH “Happy bit” always carries the happiness status regardless of the cell over which it is being transmitted.   
Option 1 has the disadvantage of not being able to send the happiness status to the network when only secondary carrier is transmitting E-DPCCH, which can affect the scheduler on the Node B side.  However, this situation might not be too critical, since an SI will eventually be triggered and the network will obtain the available power headroom information.  Additionally, if non-scheduled transmissions are mapped on the anchor carrier only secondary only E-DHC transmission might not last too long. On the other hand, option 2 has the benefit of always allowing the UE to provide the happy bit information to the network, even if the UE is transmitting on one carrier only and has the benefit of providing both happiness and DPCCH quality indications when transmitting on both carriers.
Proposal 4: Agree to use the mechanism described in option 2 for sending the happy bit indications over the two carriers
3 Conclusion

In this contribution, the use and setting of the Happy Bits in DC-HSUPA is further discussed and the issue when only one E-DCH is available is addressed. As result, we’d like the group to discuss and agree the proposals:
Proposal 1: Use the Happy Bit in only one carrier to report the happiness status of UE. 

Proposal 2: Set the primary Happy Bit according to the proposed criteria.
Proposal 3:  Use the additional Happy Bit in the other carrier to indicate to Node B the balance status of the DPCCH power of the two carriers.

Proposal 4: Agree to use the mechanism described in option 2 for sending the happy bit indications over the two carriers
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