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1 Introduction
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

At the last RAN2 #67 [2] meeting, a number of proposals and documents were discussed, however no agreements were made regarding the details of happy bit reporting. This contribution further discusses how the criteria for setting the happy bits should be updated for Dual Carrier HSUPA.
2 Discussion
In RAN2#67 a number of documents, including [3], [4] and [5], proposed to utilize the second available happy bit to provide the network with additional information. Such information included indicating the carrier with the best channel conditions or with the best DPCCH power. The different proposals suggested to jointly encode the two available bits or to use them independently in order to provide the network with the required happiness and channel condition information. 
In [6] it was shown that when compared to the single carrier operation, jointly encoding the two bits results in an increase of the ‘error probability’.  This occurs due to the fact that the network needs to successfully receive both bits over the two E-DPCCHs in order to properly interpret them.

In order to remove this dependency it is proposed to set and use the happy bits independently on each carrier. The primary carrier is always used to report the state of happiness in the UE, while the other carrier is used to provide the network with the best channel over which the grant can potentially be increased.  

This scheme, maintains the same error performance as the single carrier case, since each of the happy bits can be used and transmitted independently.  Since the secondary bit comes for free and is available in the E-DPCCH of the secondary carrier, we believe that it can be beneficial to use this bit to provide the network with information on the best frequency as perceived by the UE.  Therefore, the networks that want to use this information for scheduling purposes can have access to it, while other networks may ignore the bit on the secondary E-DPCCH and only use the bit in the primary E-DPCCH to obtain information on whether the UE is happy or unhappy.  

Given the RAN2 agreements on the non-scheduled transmissions and E-TFC selection, the UE will always transmit data either just on the primary carrier or on both carriers, therefore the happiness information will always be present for the network. 
Proposal 1:  Agree to use the happy bit transmitted over the primary frequency to provide the overall UE happiness state.   

Proposal 2: Agree to use the happy bit transmitted over secondary frequency to provide additional information to the network.

In RAN2#67bis, it was proposed that the conditions to determine the best carrier (e.g. which carrier has the best quality) are based on the DPCCH code power level of each carrier.  However, some concerns were raised on the usage of the DPCCH, due to its fast changing nature.  

If the network vendors think this may be an issue, using an average of the DPCCH may overcome these disadvantages and provide the network with a more stable indication of the best carrier.  In order to reduce complexity in the UE by introducing a new measurement, it is proposed to use the existing Uplink Power Headroom measurements (UPH) to determine the best carrier.  Since the scheduler already uses the absolute UPH values as inputs, having an indication on a TTI basis on which carrier has the best UPH may be beneficial for the network.
Therefore, the happy bit in the E-DPCCH of the primary carrier may take the following values:

· 0: the UE is happy 

· 1: the UE is unhappy as defined by the three criteria described below


The happy bit in the E-DPCCH of the secondary frequency may take the following values:

· 0: the UPH of the primary carrier is higher than the UPH of the secondary carrier

· 1: the UPH of the secondary carrier is higher than the UPH of the primary carrier

This would result in the following realization of the two bits, if they were to be sent together:

	HB on primary carrier

	HB on secondary carrier 


	Interpretation (HB in frequency 1, HB in frequency 2)

	0
	0
	happy, UPH1 > UPH2

	0
	1
	happy, UPH1 < UPH2

	1
	0
	unhappy, UPH1 > UPH2

	1
	1
	unhappy, UPH1 < UPH2


Where UPH1 represents the UPH of the primary carrier and UPH2 represents the UPH of the secondary carrier.  
Proposal2a: Use the secondary Happy Bit to indicate to the Node B the carrier with the best UPH value
2.1 Determining state of happiness in the UE 
In RAN2 #66 it was agreed that the HB criteria is evaluated per UE rather than per carrier.  When discussing implementation of the rules to set HB, some proposals in last RAN2 meetings were suggesting setting the happy bit based on carrier specific rules. In this section we briefly discuss why we believe that the happy bit criteria need to be jointly evaluated.  
The happy bit setting for a single carrier UE is described in 3GPP TS25.321 as follows:

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_Grant in E-TFC selection; and

2. UE has enough power available to transmit at higher data rate; 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 × the ratio of active processes to the total number of processes.

The purpose of setting the HB to “unhappy” is to inform the network that the UE needs more grant in order to transmit the data in its buffer. The criteria 1 and 2 are set to prevent the UE from unnecessarily requesting additional grant when in power limited scenarios or when the grant is under utilized (e.g. the UE is not transmitting as much data as allowed by the serving grant).
When discussing dual carrier operation, the same principle should apply to the happy bit setting.  

Since the MAC entity, the RLC entity (i.e. data buffer) and power are shared between both carriers, it seems natural that criteria 2 and 3 are based on a shared UE status (e.g. UE has enough power to transmit on any carrier and the time to empty the buffer is calculated based on the available grant and active HARQ processes on both carriers) 

If the use of the first criteria is specified on a per carrier basis, the UE may result in unnecessarily requesting grant from the network.  For instance, if one carrier has unused grant available on one of the carriers, but is fully utilizing the serving grant in the other carrier, the UE may report “happy” in one carrier and “unhappy” in the other.  Even though the UE is reporting it is unhappy on one carrier, the total status of the UE should be indeed happy since the UE did have the grant available but did not use (e.g. possibly due to limited buffer status for one of the MAC-d flows).  This behavior should be consisted with the single carrier case and the UE should report “happy”.  Reporting the happy bit independently, could mislead the network and result in an unnecessarily increase of the grant on the false “unhappy” carrier.  

Therefore, we believe that keeping the current working assumption of evaluating the happy bit criteria on a per UE basis (e.g. the criteria is jointly considered over both carriers) is the best way forward

Proposal 3: Keep the current working assumption that HB is evaluated per UE

3 Conclusion

In this contribution, the use and setting of the Happy Bits in DC-HSUPA were further discussed. As a result, we would like the group to discuss and agree with the following proposals:
Proposal 1:  Agree to use the happy bit transmitted over the primary frequency to provide the overall UE happiness state.   

Proposal 2: Agree to use the happy bit transmitted over secondary frequency to provide additional information to the network.

Proposal2a: Use the secondary Happy Bit to indicate to the Node B the carrier with the best UPH value
Proposal 3: Keep the current working assumption that HB is evaluated per UE
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5 Appendix
The following changes to section 11.8.1.5 of 25.321 are proposed:
For every E-DCH transmission, the Happy Bit the primary Uplink frequency shall be set "unhappy" if the three following criteria are met:

1. UE is transmitting as much scheduled data as allowed by the current Serving_Grants on all the active Uplink frequencies in E-TFC selection; and 

2. UE has enough power available to transmit at higher data rate on any active UL frequency; 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 × the ratio of active processes to the total number of processes in all active UL frequencies.

Otherwise, the Happy Bit on primary frequency shall be set “happy”.
For every E-DCH transmission, the Happy Bit on secondary frequency shall be set "unhappy" if the following criterion is met:

· The power headroom of the primary frequency is smaller than the power headroom of the secondary frequency.

Otherwise, the Happy Bit on secondary frequency shall be set “happy”.

