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1 Introduction
At the RAN2 #67 meeting in Shenzhen, the following agreements were made concerning the E-TFC Selection procedure and non-scheduled transmissions for DC-HSUPA operations:
· The parallel scheme is adopted; the exact mechanism on how to scale the power is FFS (based on SG or other).
· Non-scheduled transmissions (i.e. non-scheduled MAC-d flows) are mapped to the primary UL carrier only.

· We agree on this proposal but we understand we may need to revisit this decision after the E-TFC selection decision but this can’t be used as a reason for making the decision.

In this contribution, we address a number of outstanding issues regarding the E-TFC selection algorithm for DC-HSUPA with parallel power allocation.
2 Discussion
At the previous RAN2 meeting, a parallel approach for DC-HSUPA E-TFC selection was proposed, where a set of ‘virtual’ serving grants are calculated to reduce the imbalance between two carriers when the UE is power-limited [2].  The steps for the proposed approach can be summarized as follows:

Determine if the UE is power limited or not, according to the current grant.
To do so, the UE first calculates the power required to transmit its full serving grant for each carrier:
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where 
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 is the maximum power that can be used for the E-DCH on carrier i.  If we let 
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 represent the maximum UE power accounting for the necessary backoff or maximum power reduction, then the UE is power limited if 
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or equivalently if
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If the UE is power limited (i.e.: 
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Calculate a new set of serving grants 
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It was agreed at the RAN2 meeting in Shenzhen that the exact mechanism on how to scale the power is FFS (based on SG or other).  From above steps, we have also identified a number of issues that also need to be resolved.  This contribution addresses the following open issues with DC-HSUPA E-TFC selection:

1) Power allocation

2) Carrier order for E-TFC selection;
3) Handling of non-scheduled transmissions;
4) Handling of power inefficiencies due to:
a. Multiplexing list restrictions;
b. Handling of maximum power reduction (MPR) in the calculation of (3).
3 Power allocation/grant scaling

3.1 Equal grant scaling
The proposed method for allocating the power in [2] consists of scaling the serving grant of each carrier by a common grant scaling factor 
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such that the total E-DCH power does not exceed the maximum available power.  This is achieved in Step 2 in the algorithm described above using the following procedure:
a. Calculate the grant scaling factor:
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b. Calculate the new serving grants for each carrier as follows:
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While this algorithm scales the grants proportionally, it does not attempt to equalize the power used on both carriers, therefore potential power imbalances between the two carriers may still exist.  Additionally, one potential issue with this scaling approach is that if the serving grants have a relatively large difference, the scaling factor may reduce the lower serving grant below the minimum value, essentially turning off E-DCH on the corresponding carrier and creating an imbalance.
3.2 Scaling for equal power across carriers
A better approach which attempts to equalize the total transmission power in both carriers consists of first allocating the power equally between the two carriers, and then allocating the remaining power to the carrier with the largest grant.  This can be achieved using the following proposed method:
If the power required to transmit the full serving grant for each carrier would be larger than half the available UE power, then each carrier are allocated only half the total power.  
Otherwise, the power is first split equally between the two carriers up to the smallest power required to transmit the full serving grant of the two carriers, and then the remaining power is allocated to the other carrier.  This approach will maximize power equalization up to the allowed grant and it can be easily implemented in the following way:
If 
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else if 
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where 
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 are the maximum power allocated by the algorithm for carrier 1 and 2, respectively. 
This algorithm is illustrated in Figure 1 and Figure 2, where the total power for each uplink frequency f1 and f2 are represented in a linear scale.  In Figure 1 the case where the power required to transmit the full serving grant for each carrier would be larger than half the available UE power is shown. As can be observed in Figure 1 the scaling for equal power approach equalizes the power over the two carriers, in contrast to the equal grant scaling approach described in Section 2.1.1, which does not attempt to reduce the carrier imbalance.

[image: image19.emf]f

1

f

2

P

1

+P

2

>P

max

P

1

+P

2

=P

max

P

max

/2

f

1

f

2

f

1

f

2

Equal grant 

scaling

Scaling for 

equal power

Legend

P

E-DPDCH

before allocation

P

E-DPDCH

after allocation

P

E-DPCCH

P

DPCCH

P

max


Figure 1: Power allocation when both 
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Figure 2 shows the case where only 
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.  It can be observed that the equal grant scaling approach reduces the grant on the primary carrier in this case.
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Figure 2: Power allocation when 
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are available, the new serving grant to be used in Step 2 can be calculated as follows:
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Proposal 1: Discuss and agree on a power allocation scheme  
4 Steps associated to the E-TFC selection procedure

As part of the Dual Cell HSUPA E-TFC selection procedure, the UE should first calculate the amount of power or serving grant to allocate to each carrier and thus determine SGinput,i.

Once the power allocation is determined, the UE should perform E-TFC selection consecutively for each carrier.  This is due to the fact that a single shared buffer is used for both carriers and therefore the E-TFC selection for DC-HSUPA will need to obtain data for each carrier consecutively.  Additionally, in order to maximize data transmission and efficiency the MAC-d flow priorities should be determined per carrier.  Due to MAC-d buffer limitations and restrictions in the UE, the highest priority MAC-d flow may be different when the second carrier is filled up with data.   

Step 1. Determine scaling factors and SGinput,i 
Step 2. Perform steps associated to E-TFC selection for each carrier:

· E-TFC selection for a first carrier is performed (i):

· Determine highest priority MAC-d flow, HARQ profile, and multiplexing list to be used in this carrier
· Perform TFC restriction to determine the set of supported E-TFCs using the determined HARQ offset
· Use the new serving grant (
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) and the legacy rules to determine the maximum allowed number of scheduled bits ‘k’
· Determine E-TFCIi depending on current rules (e.g. priority, available data, non-serving grants, serving grants, and supported E-TFCs) 
· Perform E-TFC selection for a second carrier (j):

· Determines new highest priority MAC-d flow, HARQ profile, and multiplexing list
· Execute E-TFC restriction to determine the set of supported E-TFCs using the determined HARQ offset
· Use the new serving grant (
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· Determine E-TFCIj depending on current rules (e.g. priority, available data, non-serving grants, serving grants, and supported E-TFCs) 

Proposal 2a: Agree that Dual cell E-TFC selection is performed consecutively for each carrier after power allocation is performed 
Proposal2b: MAC-d priorities and multiplexing list are determined per carrier consecutively. 

5 E-TFC selection carrier order

With the parallel approach we see no clear advantages of ordering the carrier in any specific way in terms of efficiency.  Further, as it was agreed at the last meeting to only support non-scheduled transmission on the primary carrier, it would seem natural to execute E-TFC selection on the primary carrier first.

Proposal 3: Execute E-TFC Selection on primary carrier first and secondary carrier next.

6 Handling of inefficiencies due MAC-d multiplexing restrictions
A potential power wastage can occur in the UE with the parallel  scaling algorithms due to MAC-d flow multiplexing list, which restricts the MAC-d flows that can be multiplexed in a single MAC PDU.  This may result in situations where the UE is incapable of filling up a MAC PDU up to the new scheduled grant, even if the UE is not buffer-limited or power-limited.   
Since the secondary grant has already been scaled assuming that the full grant in the other carrier will be utilized, the difference in power between the scaled scheduled grant and the actual power offset being used by the MAC PDU is lost.  

The simplest way to avoid wasting power is to use the un-scaled scheduling grant when determining the E-TFCI for the secondary carrier (i.e.: use SG2 instead of SGinput,2 or equivalently SGinput,2 = SG2  ).  This would ensure that the entire UE power becomes available up to the allowed serving grant at least for the secondary carrier, and thus no power is wasted.
By not scaling the second serving grant, the UE will avoid using its power inefficiently when the primary carrier does not fully utilize its ‘fictitious’ grant. On the other hand,  if the UE does actually fully use the scaled grant in the first carrier (SGinput,1  ),due to the limited remaining power for the other carrier, it will not be allowed to transmit more than would have been allowed by the scaled serving grant (SGinput,2 =  ӨSG2).  
This can be shown given the assumption that PE-DPDCHinput,1 + PE-DPDCHinput,2 =  PDATA,max.   The maximum E-DPDCH power that can be used in carrier 2 (PE-DPDCHused,2  ) will be equivalent to:

PE-DPDCHused,2 = PDATA,max - PE-DPDCHused,1 = PDATA,max - PE-DPDCHinput,1 = PE-DPDCHinput,2.  

Therefore, it is proposed that UE uses the following values SGinput,1 =  ӨSG1 and SGinput,2 = SG2 
This approach is advantageous as it also resolves the power inefficiencies due to underestimation of  PDATA,max as described in Section 5.1 above, since even if PDATA,max  was underestimated and the serving grants over scaled, by not scaling the second serving grant, the UE can make use of the power left.  We finally note that in the case where there is only one new transmission (due to a retransmission on the other carrier) no grant scaling occurs and the UE is allowed to use its entire scheduling grant and the entire remaining power.  In effect using un-scaled scheduling grant for the secondary carrier in the case where two new transmissions are taking place would naturally result in similar power usage as the single new transmission case.
Proposal 4: Use the un-scaled scheduling grant for E-TFC selection on the secondary carrier (e.g. SGinput,2 = SG2  ).
7 Non-scheduled transmissions

Generally speaking, when non-scheduled data is available in the buffer, and provided it is allowed by the multiplexing list and it has sufficiently high priority, the MAC PDU gets filled with non-scheduled data up to the non-scheduled grant or up to the maximum allowed by the largest supported E-TFCI.

In the power allocation approaches described above, when the UE is power-limited the individual scheduling grants get scaled down with no provision for non-scheduled transmission.  The suggested PDATA,Max in the scaling calculation represents the remaining power in the UE for E-DCH transmission.  The assumption made is that the full PDATA,Max will be available for scheduled transmission, however some of this available power maybe consumed by non-scheduled transmission and the real available power could be lower.   

Since the UE is using a potentially incorrect PDATA,Max to scale the grants, the resulting scaling factor will be higher than it should be.  This may create an imbalance since the UE will use more power than it would have been allowed by the parallel allocation scheme.  

Therefore, in order to avoid such situations, there are two possibilities:

Option 1: PDATA,Max takes into account the power that will be required to transmit the available and allowed non-scheduled data

Option 2: PDATA,Max is calculated as proposed without taking into account non-scheduled transmissions.

Proposal 5: Discuss the need to address non-schedule transmission in the calculation of PDATA,Max
8 E-TFC restriction procedure

When transmitting non-scheduled data, the UE has to ensure that the available power is allowed to be used by non-scheduled transmissions on the primary carrier if non-scheduled data have the highest priority and that no power is pre-allocated or reserved for scheduled transmissions on the secondary carrier.  

Therefore, it is proposed that when performing E-TFC restriction on the primary carrier the UE assumes that the full power is available for that carrier, Pmax and that no E-DCH transmissions are taking place in the other carrier.   

This will allow the UE to utilize as much power as needed for the non-scheduled transmissions and utilize the rest according to the scaled scheduled grants. This is also advantageous when no non-scheduled transmissions are available since it will simplify the calculation of MPR removing the need to make assumption on the outcome of the E-TFC Selection on the secondary carrier.
Therefore, the normalized remaining power margin for the first carrier could be calculated the following way:

NRPMj,1= (PMax j - PDPCCH, target 1- PDPCCH, target 2 - PHS-DPCCH - PE-DPCCH,j,1)/ PDPCCH, target_1 ,
When E-TFC selection is performed in the secondary, the E-TFC restriction procedure should take into account the entire power used on the primary carrier (e.g. the PE-DPCCH1 and PE-DPDCH2 required to transmit the data in the first carrier):

NRPMj,2= (PMax j - PDPCCH, target 1- PDPCCH, target 2 - PHS-DPCCH - PE-DPCCH,j,2- PE-DPCCH 1- PE-DPDCH 1)/ PDPCCH, target_2 
This is in-line with the case where a single new transmission and a retransmission is taking place.
9 Conclusion

In this contribution, we have addressed a number of outstanding issues regarding E-TFC Selection procedure for DC-HSUPA operations.   The following proposals were made:
Proposal 1: Discuss and agree on a power allocation scheme  

Proposal 2a: Agree that Dual cell E-TFC selection is performed consecutively for each carrier after power allocation is performed 
Proposal2b: MAC-d priorities and multiplexing list are determined per carrier consecutively. 

Proposal 3: Execute E-TFC Selection on primary carrier first and secondary carrier next.
Proposal 4: Use the un-scaled scheduling grant for E-TFC selection on the secondary carrier (e.g. SGinput,2 = SG2  ).
Proposal 5: Discuss the need to address non-schedule transmission in the calculation of PDATA,Max
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