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Discussion & decision
In Dual Cell HSUPA, one happy bit field per E-DPCCH is available. 
In RAN2#67, following bit interpretation has been agreed [1]:

· 00: UE is unhappy;

· 11: UE is happy;

Disagreement remained on the interpretation of the remaining bit combinations (01;10). 
We propose that the UE shall report that it is either happy (when signalling ‘11’) or unhappy (when signalling ‘00’, ‘10’, or ‘01’).
When signalling unhappiness, the UE provide should additionally a recommendation whether grants can be increased on both carriers (when signalling ‘00’) or on a single carrier only (when signaling ‘01’ and ‘10’). 

Let’s split the evaluation whether the UE is unhappy in several aspects:

Has the UE enough power left to transmit at higher data rate at one the two carriers?

In order to assess if the UE has enough power available to transmit at higher data rate the UE on a carrier shall

1. identify the E-TFC that has a transport block size at least xx bits larger than the transport block size of the E-TFC selected for transmission in the same TTI as the Happy Bits; and

2. based on the same power offset as the one selected in E-TFC selection to transmit data in the same TTI as the Happy Bits, check that the identified E-TFC is supported i.e. not blocked.

In other words, per carrier the UE determines if it has enough power left to transmit at higher data rate. This mechanism is already in use today in the single carrier deployment, see 25.321. Note: the number of bits ‘xx’, which the transport block has to be larger than the selection E-TFC is left open. 
How to set the happy bit values?
The UE is happy only if the UE has not enough power left to transmit on any of its carrier with higher data rate; or when it has enough power left, it has not enough data left over to justify an increased grant allocation: 

For every E-DCH transmission, and for each UL carrier, the happy bit field in the E-DPCCH on that carrier to shall be set to "1" if the three following criteria are met: 

1. the UE is transmitting as much scheduled data as allowed by the current Serving_Grant per UL carrier in E-TFC selection; and 

2. the UE has enough power available to transmit at higher data rate on that carrier, and

3. based on the same power offsets as the ones selected in E-TFC selection per UL carrier to transmit data in the same TTI as the Happy Bit values, TEBS would require more than Happy_Bit_Delay_Condition ms to be transmitted with the (current Serving_Grant for primary UL frequency × the ratio of active processes to the total number of processes for the primary UL frequency) plus (current Serving_Grant for secondary UL frequency × the ratio of active processes to the total number of processes for the secondary UL frequency).

These conditions are again as we use them in the single carrier deployment. Only difference is in point 3), where the expected throughput rate of the primary and secondary carrier (with the given active HARQ processes and grants) is less then what the UE holds in its buffer (TEBS). But again, the principle is identical to the single carrier case, where the same calculation applies for one carrier only.

The above scheme has an advantage in scenario:

The UE has only small amount of data in its buffer, and the serving grants allocated to both carriers is high enough to allow the complete transmission of the data on one of the two carriers. As DC-HSUPA is configured and when the secondary frequency is activated, then there are two options to report UE happiness:

a) the UE happiness is reported with two bits, i.e. the E-DPCCH has to be transmitted on both carriers, even if there is no E-DPDCH transmission on the second carrier. In this case, the E-TFC TB table needs an adaptation, allowing to signal that no E-DPDCH is transmitted.

b) the UE happiness is reported with a single bit, i.e. the E-DPCCH and E-DPDCH is transmitted on one carrier only. The proposed scheme for happy bit reporting has the advantage that it does not require E-DPCCH transmission on both carriers to report UE happiness.
In [2], Ericsson and ST-Ericsson proposed to treat the happy bit combinations ‘01’ and ‘10’ as identifiable error cases; the UE should report only whether it is happy (by signalling ‘11’) or unhappy (by signalling ‘00’). 
Naturally, in such a scheme, a single bit error can be identified, in contrast to the our proposed scheme above. However, the UL DPCCH and E-DPCCH is sent with relatively high transmit power, so that bit errors are very small. The magnitude of bit errors when then having to receive two E-DPCCHs is not increasing the error cases significantly. 

3 Conclusions
We think that indicating not only the UE happiness to beneficial, but also inform the Node B which carrier(s) should be preferred. Thus our 
Proposals:
1. The UE shall report that it is either happy (when signalling ‘11’) or unhappy (when signalling ‘00’, ‘10’, or ‘01’), if E-DCH transmission takes place via both carriers.
2. When signalling unhappiness, the UE provide should additionally a recommendation whether grants can be increased on both carriers (when signalling ‘00’) or on a single carrier only (on the primary carrier when signalling ‘01’ and on the secondary carrier when signalling ‘10’)
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