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Introduction

In this contribution, we will discuss the remaining issues in Happy Bit setting and E-TFC selection in DC HSUPA. 
The corresponding changes to 25.321 are also presented in the Appendix. 


2
E-TFC Restriction and Happy Bit Setting in the legacy single carrier system
2.1 
E-TFC Restriction (Section 11.8.1.4 in 25.321)
For each configured MAC-d flow, a given E-TFC can be in any of the following states:

-
Supported state;

-
Blocked state.

At each TTI boundary, UEs in CELL_DCH state, CELL_FACH state and Idle mode with an E-DCH transport channel configured shall determine the state of each E-TFC for every MAC-d flow configured based on its required transmit power versus the maximum UE transmit power (see [7] and [12]). The UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state (see [7]).

2.2 
Happy Bit Setting (Section 11.8.1.5 in 25.321)

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.
2.3 
Discussions

From above, the following are clear: 

1. The E-TFC restriction procedure, namely the determination of the state of ‘supported’ or ‘blocked’, is executed very TTI, regardless of whether a new packet is formed. 
2. The result of the E-TFC restriction is used in Happy Bit setting. 
In terms of backward compatibility, it is clearly advantageous to keep these two features in DC-HSUPA. 
3
Happy Bit Setting in DC-HSUPA

 It is agreed in [6] that Happy Bit is set on a per carrier basis and the assessment of available power for the higher data rate is based on the ‘supported’ or ‘blocked’ status of the identified E-TFC on each carrier. This requires that the result of the E-TFC restriction be used in Happy Bit setting, as the case in the legacy single carrier specifications. To set the Happy Bit, the E-TFC restriction procedure must be executed every TTI regardless of the number of retransmissions and new transmissions. 
Proposal 1: Keep the agreed rule in [6] for Happy Bit setting for DC-HSUPA. Namely, the result of the E-TFC restriction is used in Happy Bit setting, as the case in the legacy single carrier specifications. 

Proposal 2: In DC-HSUPA, the E-TFC restriction procedure is executed every TTI, regardless of the number of retransmissions and new transmissions. 
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E-TFC Restriction in DC-HSUPA

4.1 
List of open issues 
The open issues are all surrounding the power split between the carriers. After the power split is determined, the same E-TFC restriction procedure in the legacy single carrier system can be executed on each carrier separately. 

There are two open issues on this regard: 

1. The power split when there is a retransmission on each carrier. 
2. The power split when there is a retransmission on one of the carriers, say Carrier 1 and a new transmission on the other carrier, Carrier 2. 
To execute the E-TFC restriction procedure every TTI, the power split procedure has to be executed every TTI, regardless of the number of retransmissions and new transmissions. The baseline procedure for the power split is the parallel approach [5] based on the required power for the Serving Grant on each carrier after power pre-allocation for the non-scheduled flows. 

4.2 
Two retransmissions 
In this situation, there is no new packet selection. Therefore, the E-TFC restriction is only used for Happy Bit setting. The baseline power split, based on the power required for the two Serving Grants after power pre-allocation for the non-scheduled flows, is very suitable for Happy Bit setting. Therefore, we propose to keep the baseline power split in this situation. 
This follows the methodology used in the legacy single carrier systems where during a TTI with a retransmission, the procedures for E-TFC restriction and Happy Bit setting are the same as if there is a new transmission. 

Proposal 3: When there are two retransmissions, the power split is based on the power required for the two Serving Grants after power pre-allocation for the non-scheduled flows. 

4.3 
Retransmission on Carrier 1 and new transmission on Carrier 2
For the E-TFC selection, a simple rule is to allocate the exact power for the retransmissions on Carrier 1 and allocate all the remaining power to Carrier 2 with a new transmission. This rule was agreed by RAN2 in [7] for the E-TFC selection. Although suitable for the E-TFC selection itself, this rule is not ideal for the Happy Bit Setting. 
To see this, we need to study all the possible cases more carefully. In the following, we call the baseline power split as ‘SG based’ and the simple rule of using the exact retransmission power as ‘retransmission based’. Let’s define some terms for the ease of discussion. 

Ptotal= total available UE transmit power for E-DCH

Pns= power pre-allocated for the non-scheduled flows 

P1,retx = power allocated to Carrier 1 by the retransmission based power split, i.e., the power required for retransmission on Carrier 1,
P2,retx = power allocated to Carrier 2 by the retransmission based power split; note that 

P2,retx= Ptotal - P1,retx

















(1)

Psg1 = power required to transmit up to Serving Grant on Carrier 1,
Psg2 = power required to transmit up to Serving Grant on Carrier 2,

P1,SG = power allocated to Carrier 1 by the SG based power split
P2,SG = power allocated to Carrier 2 by the SG based power split

From power pre-allocation, we have 

P2,SG = Ptotal – Pns- P1,SG. 















(2)
The parallel power split in [5] ensures 

P1,SG/Psg1 = P2,SG /Psg2. 
















(3)
In SG based power split, Pns will be added to either P1,SG or P2,SG depending on which carrier is the anchor. The E-TFC restriction will be based on the power after this addition. 
In the following discussion, we assume that the UE has ample data, i.e., full-buffer scenario. Also, for ease of discussion, we assume Pns=0, i.e, UE has no non-scheduled flows to consider for transmission in this TTI. The arguments below can easily be generalized to the case of Pns ≠ 0 and are captured in Appendix A. 
On Carrier 1, comparing P1,SG with the other two Carrier 1 power levels (P1,retx  and Psg1), there are only 4 possible cases:

1.      P1,SG < P1,retx  and P1,SG < Psg1   
2.      P1,SG < P1,retx  and P1,SG ≥ Psg1
3.      P1,SG ≥ P1,retx  and P1,SG < Psg1   

4.      P1,SG ≥ P1,retx  and P1,SG ≥ Psg1
In Case 4, P1,SG ≥ Psg1 combined with Equation (3), gives P2,SG ≥ Psg2. The SG based power split provides ample power for the retransmission on Carrier 1, since P1,SG > P1,retx. Also, the E-TFC selected for new transmission on Carrier 2 will be the maximum allowed up to the serving grant on Carrier 2, since P2,SG ≥ Psg2. The Happy Bits on both carriers can be set in the meaningful way, depending on whether P1,SG and P2,SG can support 32 bits beyond the Serving Grant on each carrier. In most of the cases, such payloads will be supported and both Happy Bits will be set to ‘unhappy’. This is to say, the UE is able to support higher rates on both carriers and is requesting for higher grants. Therefore the SG based power split works fine in general for Case 4 for both E-TFC selection and Happy Bit setting. 
On the other hand, in Case 4, the retransmission based power split has issues in the follow subcase of Case 4: 
· (Case 4: P1,SG ≥ P1,retx  and P1,SG ≥ Psg1) and P1,retx ≤ Psg1. 

This subcase is illustrated in Figure 1 below






Note that combining the conditions above P1,SG ≥ P1,retx and P1,retx ≤Psg1 with Equation (1), (2) and (3), we get P2,retx≥P2,SG ≥ Psg2, as depicted on right hand side in Figure 1. 
The condition P1,retx ≤ Psg1 implies the retransmission based power split either will not support the Serving Grant on Carrier 1, or barely support it. This has no consequence for E-TFC selection on Carrier 1 since there is no new transmission. On carrier 2, since P2,retx≥ Psg2, the E-TFC selected for new transmission on Carrier 2 will be the maximum allowed up to the serving grant on Carrier 2. In terms of E-TFC selection, only Carrier 2 performs new E-TFC selection and the result is same for both retransmission based power split and SG based power split.

Let’s look now at the Happy Bit on Carrier 1. Since P1,retx ≤ Psg1 the Happy Bit on Carrier 1 will be set to ‘Happy’ in retransmission based power split. Compared to SG based power split where the Happy Bit will be set to unhappy most of the time, this is an undesirable behaviour of retransmission based power split. The unnecessary ‘Happy’ setting may cause reduction in the scheduled grants.  
For Case 1, 2 and 3, the retransmission based power split works fine, as analyzed in detail in Appendix A. Since most DC-HSUPA UEs in the system should not be power limited, Case 4 is the most likely case and needs to be carefully dealt with. We have seen that neither SG based nor retransmission based power split is universally suitable for all four cases. Note that SG based power split is already calculated when there are two new transmissions or two retransmissions. In the case when there is one new transmission and one retransmission, these two methods can be combined as follows: 

· Execute SG based power split
· Check which case applies:

· if ‘not Case 4’,  execute retransmission based power split and reset the pre-allocated power to zero
·  Else keep SG based power split

Mathematically, the check for ‘not Case 4’ is simply (P1 < Psg1 or P1 < Pretx).
In summary, we have the following proposal: 

Proposal 4: During a TTI with a retransmission on one carrier, say Carrier 1, and a new transmission on the other carrier, say, Carrier 2, the following algorithm is used for the power split: 

· the baseline power split based on the Serving Grants is executed first; 
· if the resulting power for Carrier 1, P1, satisfies the condition (P1 < Psg1 or P1 < Pretx), where Psg1 is the power required for Serving Grant on Carrier 1 and Pretx is the power required for the retransmission, then 
· let Carrier 1 get the power required by the retransmission and the remaining power is allocated to Carrier 2. 
· In addition, the power pre-allocated to the non-scheduled flows is reset to zero.
· Else keep baseline power split based on Serving Grants  
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Conclusions

Our proposals are listed in the following. The 25.321 text with these proposals is attached in the Appendix. 

Proposal 1: Keep the agreed rule in [6] for Happy Bit setting for DC-HSUPA. Namely, the result of the E-TFC restriction is used in Happy Bit setting, as the case in the legacy single carrier specifications. 

Proposal 2: In DC-HSUPA, the E-TFC restriction procedure is executed every TTI, regardless of the number of retransmissions and new transmissions. 

Proposal 3: When there are two retransmissions, the power split is based on the power required for the two Serving Grants after power pre-allocation for the non-scheduled flows. 

Proposal 4: During a TTI with a retransmission on one carrier, say Carrier 1, and a new transmission on the other carrier, say, Carrier 2, the following algorithm is used for the power split: 

· the baseline power split based on the Serving Grants is executed first; 

· if the resulting power for Carrier 1, P1, satisfies the condition (P1 < Psg1 or P1 < Pretx), where Psg1 is the power required for Serving Grant on Carrier 1 and Pretx is the power required for the retransmission, then 

· let Carrier 1 get the power required by the retransmission and the remaining power is allocated to Carrier 2. 

· In addition, the power pre-allocated to the non-scheduled flows is reset to zero. 
· Else keep baseline power split based on Serving Grants   
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Appendix A: Detailed analysis for the power split in the case of one-retransmission
On Carrier 1, comparing P1,SG with other two power levels (P1,retx  and Psg1), there are only 4 possible cases:

1.      P1,SG < P1,retx and P1,SG < Psg1   

2.      P1,SG < P1,retx and P1,SG ≥ Psg1
3.      P1,SG ≥ P1,retx and P1,SG < Psg1   

4.      P1,SG ≥ P1,retx and P1,SG ≥ Psg1
In Case 1 and 3, we have P1,SG < Psg1. Combing this with this Equation (3), we have P2,SG < Psg2.  

· If Carrier 1 is anchor: There is no power addition to P2,SG. 

· If P2,SG ≠P2,retx, different E-TFC will be selected on Carrier 2. Since power for the retransmission has to be guaranteed, Carrier 1 should be allocated the exact power for retransmission. 

· If P2,SG=P2,retx, both power split methods will lead to the same E-TFC restriction. Therefore either of them is fine for both E-TFC selection and Happy Bit setting

· . If Carrier 2 is anchor:  Pns is added to P2,SG for E-TFC restriction. 

·  If Pns+P2,SG≠P2,retx: different E-TFC will be selected on Carrier 2. Since power for the retransmission has to be guaranteed, Carrier 1 should be allocated the exact power for retransmission. 

· If Pns+P2,SG=P2,retx, both power split methods will lead to the same E-TFC restriction. Therefore either of them is fine for both E-TFC selection and Happy Bit setting. 

In summary, for Case 1 and 3, namely, the power limited cases, retransmission based power split can work for all the situations listed above. On the other hand, SG based power split does not work properly all the time. The main reason is that with the power limitation, any difference in power allocated to Carrier 2 will lead to different E-TFC being selected. Then retransmission based power split should be used for the E-TFC selection and consequently the Happy Bit setting. 

In Case 2, the condition P1,SG ≥ Psg1 and Equation (3) imply P2,SG ≥ Psg2.  The UE is not power limited for the Serving Grants. But we have P1,SG < P1,retx. 

· If Carrier 1 is anchor: Pns is added to P1,SG for E-TFC restriction.  

· If Pns+P1,SG ≠ P1,retx, then P2,SG ≠ P2,retx are different. 

· If P2,retx< Psg2, different E-TFC will be selected on Carrier 2. Since power for the retransmission has to be guaranteed, Carrier 1 should be allocated the exact power for retransmission. 

· Otherwise, both power split methods will lead to the same E-TFC restriction. Therefore either of them is fine for both E-TFC selection and Happy Bit setting. 

· If Pns + P1,SG = P1,retx, P2,SG =P2,retx, both power split methods will lead to the same E-TFC restriction. Therefore either of them is fine for both E-TFC selection and Happy Bit setting. 

· . If Carrier 2 is anchor:  Pns+ P2,SG > P2,retx for E-TFC restriction. Since P2,SG ≥ Psg2, there are the following two possibilities between P2,retx and Pns+Psg2:  

·  If P2,retx<Pns+Psg2, in the retransmission based power split, Carrier 2 cannot support Serving Grant although it can support it in the SG based power split. Since power for the retransmission has to be guaranteed, Carrier 1 should be allocated the exact power for retransmission. 

· If P2,retx≥ Pns+Psg2, in both power split methods, Serving Grant is supported in Carrier 1 and Serving Grant + non-scheduled flows is supported on Carrier 2. Therefore either of the power split methods is fine for both E-TFC selection and Happy Bit setting. 

In summary, for Case 2, retransmission based power split can work for all the situations listed above. The SG based power split does not work properly since the difference in power allocated to Carrier 2 may lead to different E-TFC being selected. Retransmission based power split should be used for the E-TFC selection and consequently the Happy Bit setting. 

 In Case 4, the condition of P1,SG ≥ Psg1 and Equation (3) imply P2,SG ≥ Psg2.  The SG based power split provides ample power for both the retransmission on Carrier 1 and the Serving Grant on Carrier 2. The E-TFC selection on Carrier 2 is done correctly. The Happy Bits on both carriers can be set in the meaningful way, depending on whether P1,SG and P2,SG can support 32 bits beyond the Serving Grant on each carrier. In most of the cases, such payloads will be supported and both Happy Bits will be set to ‘unhappy’. Therefore the SG based power split works fine in general for Case 4 for both E-TFC selection and Happy Bit setting. 

On the other hand, the retransmission based power split has issues in the follow situations: 

· If Carrier 1 is anchor and P1,retx ≤ Pns+Psg1. 

P1,SG ≥ P1,retx implies P1,retx <Pns+P1,SG and then P2,retx>P2,SG ≥ Psg2. The condition P1,retx ≤ Pns+Psg1 implies the retransmission based power split either will not support the Serving Grant on Carrier 1, or barely support it. This has no consequence for E-TFC selection on Carrier 1 since there is no new transmission. On carrier 2, since P2,retx≥ Psg2, the E-TFC selected for new transmission on Carrier 2 will be the maximum allowed up to the serving grant on Carrier 2. In terms of E-TFC selection, only Carrier 2 performs new E-TFC selection and the result is same for both retransmission based power split and SG based power split.

Let’s look now at the Happy Bit on Carrier 1. Since P1,retx ≤ Psg1 the Happy Bit on Carrier 1 will be set to ‘Happy’ in retransmission based power split. Compared to SG based power split where the Happy Bit will be set to unhappy most of the time, this is an undesirable behaviour of retransmission based power split. The unnecessary ‘Happy’ setting may cause reduction in the scheduled grants.  

· If Carrier 2 is anchor and P1,retx ≤ Psg1. 

P1,SG ≥ P1,retx implies P2,retx ≥Pns+P2,SG>Psg2. The condition P1,retx ≤ Psg1 imply the retransmission based power split either will not support the Serving Grant on Carrier 1, or barely support it. This has no consequence for E-TFC selection on Carrier 1 since there is no new transmission. On carrier 2, since P2,retx≥ Psg2, the E-TFC selected for new transmission on Carrier 2 will be the maximum allowed up to the serving grant on Carrier 2. In terms of E-TFC selection, only Carrier 2 performs new E-TFC selection and the result is same for both retransmission based power split and SG based power split.

Let’s look now at the Happy Bit on Carrier 1. Since P1,retx ≤ Psg1 the Happy Bit on Carrier 1 will be set to ‘Happy’ in retransmission based power split. Compared to SG based power split where the Happy Bit will be set to unhappy most of the time, this is an undesirable behaviour of retransmission based power split. The unnecessary ‘Happy’ setting may cause reduction in the scheduled grants.  
In summary, in Case 4, the SG based power split works fine for all situations. The retransmission based power split has certain issues. Unlike in the previous three cases, the difference in the power allocated to Carrier 2 does not affect the E-TFC selection. But the Happy Bit is impacted by the power split method used. Only SG based power split makes the Happy Bit on Carrier 1 meaningful all the time. Therefore, SG based power split should be used for Case 4. 
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Figure 1 : Left plot shows power levels on carrier 1 undergoing retransmission and right plot shows power levels on carrier 2 undergoing new transmission. 
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