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1 Introduction
During the RAN2#66 meeting, it was agreed that the 'Happy Bit' is sent on both carriers and during RAN2#67, it was agreed the meaning for the Happy Bit combinations ‘00’ and ‘11’. 

This contribution reviews the different proposals presented in RAN2#67 with the aim of evaluating the proposals for Happy Bit criteria. Finally, we try to find way forward for the 'Happy Bit'.
2 Discussion
During previous meetings, the Happy Bit has been discussed extensively. Yet, RAN2 discussions have focused on the general statements, on the larger picture. However, we would like to go into the details of each of the proposals to have a better understanding of the implications of each of them. 
In order to achieve this, we would like to compare the Happy Bit criteria defined in the different contributions [2-6] and highlight the main differences. 
2.1 Criteria Comparison

According to [1], the first Happy Bit criterion to set the UE unhappy is:

UE is transmitting as much scheduled data as allowed by the current Serving_Grant in E-TFC selection; 

[2] proposes:
UE is transmitting as much scheduled data as allowed by the current Serving_Grant in E-TFC selection on that carrier;
 In [3] we find:
UE is transmitting as much scheduled data as allowed by the current Serving_Grant in E-TFC selection on the carrier
[4] presents:

UE is transmitting as much scheduled data as allowed by the current Serving_Grant per E-DPDCH active set in E-TFC selection
In [5], it is stated:
UE is transmitting as much scheduled data as allowed by the current Serving_Grants on both carriers in E-TFC selection
 [6] recommends:

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
	Conclusion on the first criterion: 

Proposals in [2] and [3] evaluate the first criterion independently per carrier. 

Proposals in [4], [5] and [6] evaluate this criterion across carriers. 


According to [1], the second Happy Bit criterion to set the UE unhappy is:

UE has enough power available to transmit at higher data rate; 

In [2], the following text is presented:
UE has enough power available to transmit at higher data rate on that carrier;
[3] proposes:

UE has enough power available to transmit at higher data rate on the carrier
[4] recommends:

v1) UE has enough power available to transmit at higher data rate on each E-DCH active set
v2) UE has enough power available to transmit at higher data rate on the primary UL frequency, but the UE has not enough power available to transmit at higher data rate on the secondary UL frequency
v3) UE has enough power available to transmit at higher data rate on the secondary UL frequency, but the UE has not enough power available to transmit at higher data rate on the primary UL frequency
In [5], we find:
UE has enough power available to transmit at higher data rate on any carriers
[6] states:

UE has enough power available to transmit at higher data rate in, at least, one of the carriers
	Conclusion on the second criterion: 

Proposals in [2], [3] and [4] evaluate the second criterion independently per carrier. 

Proposals in [5] and [6] propose a joint evaluation.


The second criterion is complemented with further clarifications which need to be considered to understand the different proposals. 
[2] suggested that each carrier considers it may have all the total transmit power. In practice, when two carriers are active, one carrier will never be assigned the total transmit power. Therefore, this proposal may not return realistic values. 

[3] states that if both carriers support a certain E-TFC, only the carrier with lower DPCCH can set the E-TFC as supported. We do not think of special any reason why to condition the evaluation of the power availability so that the evaluation is true for that carrier with lower DPCCH. There will always be one carrier with lower DPCCH. A clear consequence is that the Happy Bit combination ‘11’ will not be used. In addition, the network does scheduling decisions depending on the air interface load, hardware availability, and other internal parameters. Indicating unhappiness in one of the carriers does not necessary mean that the network could increase the grant in the concrete carrier.  This information can mislead the network and complicate scheduling decisions. 

All in all, we think the UE can perform the power availability assessment similarly as today.
Based in [1], the third Happy Bit criterion to set the UE unhappy is:

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 × the ratio of active processes to the total number of processes
[2] states:

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 × the ratio of active processes to the total number of processes on that carrier;
 In [3], we read:

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 × the ratio of active processes to the total number of processes) of all the carriers
[4] presents:

Based on the same power offsets as the ones selected in E-TFC selection per E-DCH active set 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)
In [5], it is recommended:
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
In [6], it is proposed:

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 transmitted 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).
	Conclusion on the third criterion: 

Proposals in [2] and [3] evaluate the third criterion independently per carrier with some differences. 

Proposals in [4], [5] and [6] evaluate the third criterion jointly across carriers


	To sum up: 

There are three main streams to evaluate the Happy Bit:

· Happy Bit evaluated per carrier

· Happy Bit evaluated jointly across carriers

· Happy Bits evaluated jointly and per carrier. 


2.2 Evaluation of the proposals

If we compare these three approaches, we can find the following pros and cons:
1. Happy Bit evaluated per uplink activated frequency
Pros:

· protocol robustness as in Rel-8 
· UE can identify all unhappy situations (consequence of not assessing criteria across carriers i.e. consequence of not having a happy bit per UE, see Annex)

Cons:

· changes in the power availability assessment may lead to unrealistic values if the each carrier considers it can take all the power or if both carriers are unhappy, the one with lower DPCCH is set as unhappy. 
· third Happy Bit criterion does not consider the accumulative current serving grant which may lead to undesirable ‘unhappy’ setting

2. Happy Bit evaluated jointly across uplink activated frequencies:

Pros:

· increases protocol robustness (if the Happy Bit is repeated)
· no changes in the power availability assessment 

Cons:

· do not cover all the unhappiness cases (consequence assessing criteria across carriers, see Annex) 

3.   Happy Bits evaluated jointly and per uplink activated frequency. 
Pros:

· no changes in the power availability assessment 

Cons:

· protocol robustness reduced

· do not cover all the unhappiness cases (consequence assessing criteria across carriers, see Annex)
[2], [3], [4], and [5] claim that indicating which carrier had lower DPCCH power or to which carrier the network could increase the grant was useful in the cases in which the DPCCH power difference between carriers was large.
We think that the main reasons to find very unbalanced DPCCH power between carriers is that one of the carriers is experiencing a high radio interface load. Since both UL carriers are adjacent, we discard the option that the power difference could be due to the different propagation conditions. 
During RAN2#67, the group figured out that the network does know the radio interface load in each carrier. Hence, this situation is predictable and known for the network so adding this information in a TTI basis is redundant and brings no additional benefit. 

If the DPCCH starts getting clearly unbalanced, we think that there are other standardized mechanisms which can provide the DPCCH power information to the network such as the Scheduling Information.   

We can acknowledge that the use case is valid; however, we think this situation is predictable and known by the network; therefore, including information related to the DPCCH power in the Happy Bit information is not needed. 

If this information would be seen as beneficial, we think it should be used the Scheduling Information for such purpose. 

2.3 Conclusions and proposals

We think that none of the proposals is clearly superior to the other proposals. 

Considering the advantages and disadvantages, we think that Happy Bit “per carrier” is the simplest approach. It does not mask any unhappy situation and, it does not require the UE and the network to implement different behaviors depending on the number of activated carriers.  It also follows a similar approach of duplicating the functionality in each carrier. We think that the indication of which is the carrier with lower DPCCH is not really needed and there are other means which could be used to inform about it. 
Therefore, we kindly ask the group to discuss and agree on the following proposal:
Proposal 1:

For every E-DCH transmission, the Happy Bit in a 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 that carrier; and 
2)
UE has enough power available to transmit at higher data rate on that carrier; 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 Serving_Grant in the primary uplink frequency x the ratio of active processes in the primary uplink frequency to total number of processes in the primary uplink frequency) plus (current Serving_Grant in the secondary uplink frequency x the ratio of active processes in the secondary uplink frequency to the total number of processes in the secondary uplink frequency).

The first criteria is always true for a deactivated process and the ratio of the third criteria is always 1 for 10ms TTI..

Otherwise, the Happy Bit shall be set to "happy".
In order to assess if it has enough power available to transmit at higher data rate 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

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 Bit, check that the identified E-TFC is supported i.e. not blocked.
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Annex – Happy Bit Setting
Happy Bit matrix per carrier for proposal in [2] and [3]:

	
	Carrier 1
	
	Carrier 2

	Condition 1
	True
	If any of the conditions is false, the outcome result is false
	Condition 1
	True
	If any of the conditions is false, the outcome result is false

	Condition 2
	True 
	
	Condition 2
	True 
	

	Condition 3
	True
	
	Condition 3
	True
	

	Happy Bit
	1 (unhappy)
	0 (happy)
	
	1 (unhappy)
	0 (happy)


Note each happy bit is seen independently so each happy bit can take either ‘0’ or ‘1’ independently per carrier.

In the case of [3], the combination ‘1 -1’ is, in principle, not possible. 

Happy Bit matrix for proposal in [4]:

	
	Carrier 1
	Carrier 2
	Carrier 1
	Carrier 2
	Carrier 1
	Carrier 2

	Condition 1
	True 
	True
	True

	Condition 2
	True 
	True
	True
	False
	False
	True

	Condition 3
	True
	True
	True
	True
	True
	True

	Happy Bit
	1 (unhappy)
	1 (unhappy)
	1 (unhappy)
	0 (happy)
	0 (happy)
	1 (unhappy)


	
	Carrier 1
	Carrier 2

	Condition 1
	False

	Condition 2
	Any value
	any value

	Condition 3
	Any value
	any value

	
	0 (happy)
	0 (happy)


Condition 1 is true only if both carriers are fully using their grant.

Happy Bit matrix for proposal in [5]:

	
	Carrier 1
	Carrier 2
	Carrier 1
	Carrier 2

	Condition 1
	True
	If any of the conditions is false, the outcome result is false

	Condition 2
	True
	

	Condition 3
	True
	

	Happy Bit
	1 (unhappy)
	-
	0 (happy)
	-


The Happy Bit in the secondary carrier indicates which DPCCH power is lower between the two carriers. 

Happy Bit matrix for proposal in [6]:

	
	Carrier 1
	Carrier 2
	Carrier 1
	Carrier 2

	Condition 1
	True
	If any of the conditions is false, the outcome result is false

	Condition 2
	True
	

	Condition 3
	True
	

	Happy Bit
	1 (unhappy)
	1 (unhappy)
	0 (happy)
	0 (happy)
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