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1 Introduction
During RAN2#66 meeting, it was agreed that the 'Happy Bit' is sent on both carriers; however, it remains an open issue the meaning of these 'Happy Bit's. This contribution proposes a way forward for the 'Happy Bit' meaning.
2 Discussion
With DC-HSUPA, there may be available up to two 'Happy Bit's. It was also agreed in RAN2#66 that the 'Happy Bit' decision is per 'UE' which excludes a 'Happy Bit' decision per each carrier. As a consequence, the combination of the two 'Happy Bit's will encode a new 'word'. 

This discussion is divided into two issues: error handling of the 'Happy Bit' word combinations, and the 'Happy Bit' word meaning. 

2.1 Error handling

In general, sending bits of a 'word' through different channels (i.e. frequencies) may lead to independent error probabilities. In this contribution, we define 'error probability' as the probability that the 'word' defined by the combination of the two 'Happy Bit's is erroneous i.e. at least one of the bits has to be erroneous so the 'word' is erroneous. 'Error probability' is described as:
Equation 1
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where Perror_p and Perror_s are the 'Happy Bit' error probability in the primary carrier and secondary carrier respectively. Reordering the factors in Equation 1, we obtain:

Equation 2
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We can observe that the 'error probability' increases compared with the case in which the 'Happy Bit' word is made of only one bit. 
It was decided that both 'Happy Bit's are sent and the 'Happy Bit's are not set independently per carrier. However, it was not concluded how to use these two bits. [1] proposed that both 'Happy Bit's should be identical. Hence, the only possible words for the 'Happy Bit' combination are '00' and '11'. [2] proposed a new meaning for the 'Happy Bit' word where all combinations were possible. [3] proposed to reserve the 'Happy Bit' in the secondary carrier so the 'Happy Bit' word would be composed of 1 bit only. 
We showed in Equation 2 that the 'error probability' as defined before increases when we have two bits to create a word. Increasing the 'error probability' in the 'Happy Bit' word may be problematic when the network has to use this information to schedule UEs and decide the grant according to the UEs feedback. The 'error probability' for [1] and [2] are exactly the same. However, [1] introduces a known error detection mechanism: repetition. This mechanism cannot detect which of the two bits is erroneous but the network can detect two possible error cases: '01' and '10'. Upon detecting these combinations, the network may decide to discard the values reported in the 'Happy Bit' fields, may use the previous values, or use some advance algorithms to recover the values. The only error cases which the network cannot detect are the cases in which both bits were erroneous at the same time i.e. '00' turns to be '11' or the other way round. 
If we defined 'error detection probability' defined as the probability that an error is not detected – or in other words, that erroneous information is fed to the system –, we can conclude that:

a) when only one of the bits is erroneous, the 'error detection probability' is 0

b) when both bits are erroneous the 'error detection probability' is:

Equation 3
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where Perror_d is the 'error detection probability'  and Perror_p and Perror_s are the 'Happy Bit' error probability in the primary carrier and secondary carrier respectively.
For [2], the 'error detection probability' is the same as the 'error probability'. The 'error probability' and 'error detection probability' for proposal in [3] is Perror_p. The error detection probability is lower for [1] than for the rest of the proposals.  

We can summarize the previous discussion in the following bullets: 

· A 'Happy Bit' composed of two bits sent in different channels has higher error probability than sending a 'Happy Bit' composed only of one bit (see Equation 2).

· If the 'Happy Bit' affects the scheduling decisions, the fact that the 'Happy Bit' word is more unreliable is an important factor in complicated scenarios such as in multi-carrier and, specially, in high load traffic situations.

· This problem is not tackled in [2]. Yet, [2] introduces an additional meaning for the 'Happy Bit' word. An error in the 'Happy Bit' word will affect to two different pieces of information: the 'Happy Bit' meaning, and the additional new meaning. This fact may affect negatively to the protocol robustness as well as to the network.

· [3] does not make any usage of the 'Happy Bit' in the secondary carrier. Yet, the bit is sent. We think that it is important to make good use of the control bits whenever available to improve the protocol robustness. 

· [1] proposes a mechanism to reduce the impact of the increasing error probability: repetition of the 'Happy Bit'. Both 'Happy Bit's are equal reducing the number of 'Happy Bit' word combinations. The only possible combinations are '00' and '11'.
· The main advantages are that the network can detect errors and, therefore, the probability to feed erroneous information to the network is reduced. Thus, the network may decide to ignore the erroneous 'Happy Bit's, use previous 'Happy Bit's values, or use other algorithms. This alternative benefits the protocol and network robustness, and enhances the reliability of the 'Happy Bit'. 
2.2 'Happy Bit' word definition
[1] and [3] proposed to keep the meaning of the 'Happy Bit' word definition and to adapt the 'Happy Bit' criteria to the multi-carrier paradigm. [2], though, proposed a new definition for the 'Happy Bit' word. 
Having two different meanings for the 'Happy Bit' means that the network needs to behave differently between those UEs which are DC-HSUPA configured and have both carriers activated, and those UEs which only have one carrier enabled (DC-HSUPA configured and one carrier active; or single carrier UEs). This requires additional processing for the network as it needs to reconfigure the algorithms in different cases which may hinder the scheduling decisions. Furthermore, DC-HSUPA capable UEs also have to set the 'Happy Bit' differently depending on whether they have one or two active carriers.

The fact of having two different meanings depending on whether a DC-HSUPA configured UE has both carriers active or only one may lead to an unexpected behavior during the transient when the network reconfigures the UE to single or dual carrier or in radio link failure situation, for instance. 

Keeping the meaning for the 'Happy Bit' and having identical values for the 'Happy Bit' would remove the previous issues and it would also create a more robust protocol. As pre-Rel-8 and Rel-9 UEs and networks need to co-exist, it is seen more beneficial to keep the meaning of the Happy Bit.

We can conclude that [2] might arise inter-operability issues. From the complexity point of view, [1] and [3] are the simplest and have the less standard impact.
Based on the reasons given in the previous two sections, we propose that:

Proposal 1: Both carriers transmit the same Happy Bit value.
2.3 Happy/Unhappy criteria
As a result, a combined decision for the Happy Bit setting implies that the "unhappy" criteria in Section 11.8.1.5 in [4] needs to be modified:
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 both the current Serving_Grant in the primary carrier and by the current Serving_Grant in the secondary carrier in E-TFC selection; and 
2)   
UE has enough power available to transmit at higher data rate in, at least, one of the carriers; and

3)
Based on the same power offset as the ones 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 Serving_Grant in the primary carrier x the ratio of active processes in primary carrier to total number of processes in the primary carrier) + (current Serving_Grant in the secondary carrier × the ratio of active processes in the secondary carrier to the total number of processes in the secondary carrier).
Proposal 2: "unhappy" criteria considers the serving grant of both carriers, i.e. it is a joint decision.
3 Proposal

We kindly ask the group to discuss the following proposals:
Proposal 1: Both carriers transmit the same Happy Bit value.

Proposal 2: "unhappy" criteria considers both carriers, i.e. it is a joint decision.
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