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1 Introduction
At the RAN2 #67bis and #67 meetings, 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 power splitting criteria is only proportional to SG on each carrier
· Dual cell E-TFC selection is performed consecutively for each carrier after power allocation is performed
· MAC-d priorities and multiplexing list are determined per carrier consecutively.
· Non-scheduled transmissions (i.e. non-scheduled MAC-d flows) are mapped to the primary UL carrier only.
· For non-empty non-scheduled flows the UE pre-allocates power before power split according to Serving grant.  

· It is FFS whether we take into account the actual amount of data in the NS-flow
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
2.1 Power allocation schemes
As described in [2], the UE splits the power according to the serving grants if the if the UE is power limited.  Accordingly the UE is power limited if:


P1+P2 > Pmax, where for a given carrier i={1,2}
(1)


Pi=PDPCCH,i+PHS-DPCCH,i+PE-DPCCH,i+PE-DPDCH,i.
(2)

Here, PE-DPDCH,i=SGiPDPCCH,i denotes the maximum transmit power that the UE is allowed to use for E-DCH transmission on carrier i.

In this situation the modified power levels or grants would correspond to:

· PE-DPDCH,mod,i = ( PE-DPDC  H,i  , or

· SGinput,i  = (*SGi
where the scaling factor ( is determined as:


(=PDATA,max /(PE-DPDCH,1 + PE-DPDCH,2)
(3)

PDATA,max represents the total power that can be allocated to E-DCH traffic:


PDATA,max=Pmax- (PDPCCH,1 + PHS-DPCCH + PE-DPCCH,1 + PDPCCH,2 + PE-DPCCH,2)
(4)

The determination of UE power limitation above is based solely on the maximum transmit power that the UE requires to transmit scheduled data(e.g. PE-DPDCH,i=SGiPDPCCH,i), however when non-scheduled transmissions are available and allowed in the given TTI, the UE will also need to use a fraction of the power to transmit the non-scheduled data.  When the UE calculates the potential power that will be used for E-DCH transmissions in carrier 1 and 2, it should account for the power that may be used by both scheduled and non-scheduled flows.  

Therefore, assuming that the power required for non-scheduled transmission is Pnon-SG , then the total E-DPDCH power on carrier i (PE-DPDCH,i) can be defined as:

Pi=PDPCCH,i + PHS-DPCCH,i+PE-DPCCH,i+PE-DPDCH,i+ Pnon-SG.
(5)
2.2 Power limitation in each carrier
There are generally two ways to impose a maximum power limit on the two carriers while using the scaling method as described above:

1. By scaling the current serving grants of the UE to determine a new set of virtual serving grants as described above, SGinput,i , i= 1,2 and where the scaling factor is determined after power for non-scheduled flows is taken into account.  

2. By limiting the remaining power in E-TFC    restriction procedure for each carrier using the rules and calculations described above.  

2.2.1 Grant based
Scaling the grants is the most straightforward way to limit the E-DCH power usage in each carrier while relieving the physical layer procedures from interacting with the MAC to determine the grants and perform scaling.  

This approach allows E-TFC restriction to take place every TTI and calculate the NRPM, without requiring interaction with the MAC, as follows:

NRPM = Pmax – PDPCCH1 – PDPCCH2 – PHS-DPCCH – PE-DPCCH1 – PE-DPCCH2
(6)
In the last meeting it was decided to pre-allocate power to ensure that non-scheduled transmissions are allocated power as well.  This results in the following grant scaling formulation:


(= (PDATA,max - Pnon-SG)/(PE-DPDCH,1+ PE-DPDCH,2)
(7)

· PE-DPDCH,mod,i = ( PE-DPDCH,i  or,

· SGinput,i  = (*SGi
The E-TFC selection then proceeds normally, using SGinput,i  to determine the number of scheduled bits allowed to be transmitted.  

However, since SGinput,i  is calculated based on the assumption that a fraction of the power will be used by non-scheduled transmissions, non-scheduled data will be guaranteed power regardless of their priority.

While this approach might break prioritization of flows in the UE, it would allow for a simpler implementation.  In such cases whether you start E-TFC selection on the primary carrier or on the secondary carrier is not important since scheduled and non-scheduled will have a clearly defined and separate power resource pool for transmission.  

2.2.2 E-TFC restriction-based
A different way of imposing power limitation is by the use of E-TFC restriction.  More specifically the remaining power for each carrier would represent a power resource pool allocated to each carrier for scheduled and non-scheduled transmissions combined.

For example, assuming that the power is split according to (7), the NPRM for each carrier could be calculated as follows:

NRPM1 = RPM1/PDPCCH1
(8)


NRPM2 = RPM2/PDPCCH2,
(9)

Where the RPM1,2 are the remaining powers for each carrier,

RPM1 = PE-DPDCH,mod,1 +Pnon-SG
(10)


RPM2 = PE-DPDCH,mod,2
(11).

Limiting the power in this way ensures the UE does not exceed the allocated power since the set of supported E-TFCI will be determined according to the allowed power.  With this approach the UE can use the actual serving grant as an input to the E-TFC restriction to determine the set of supported E-TFCIs in each carrier. 
While this method requires some interaction between the MAC and physical layer, it guarantees that the remaining power allocated to the primary carrier is a pool of resources that can be shared amongst both scheduled and non-scheduled resources, similar to the current R6 procedures and assumptions.
This scheme allows the power headroom in the UE for each carrier to be used by the highest priority flows, regardless of whether it is scheduled or non-scheduled data.  For instance, if scheduled transmissions have higher priority the UE can use the headroom for scheduled transmissions on that carrier up to min(available data, grant, supported E-TFCIs) and then use the remaining headroom for non-scheduled data.   
Proposal 1: 
Discuss and agree on where the power limitation should be imposed (grant-based or E-TFC restriction-based)
2.3 Power allocation for non-scheduled transmissions

We think that the decision on whether to take the actual amount of data in the non-scheduled flows into consideration is dependent on the scheme used to impose the power limitation.

If the scaling of the grant is used to impose the power limitation, and the UE does not take into account the actual amount of data for the non-scheduled flows, UE could potentially waste power resources by over allocating power to non-scheduled data that may never be used.  In some cases, the UE may end up allocating power to non-scheduled flow at the expense of higher priority scheduled transmissions.  This situation is aggravated if more power than available bits are pre-allocated to non-scheduled flow.  
If the UE takes into account the actual amount of data, the UE will not waste power since it will only pre-allocate power to transmit up to the minimum of available bits and non-scheduled grant.
Note that whether or not the actual amount of data is taken into account, the grant-based scheme will result in the UE always reserving and using the power for non-scheduled flows regardless of the priority of data.  So if scheduled data have the highest priority, the UE might limit the amount of scheduled data (even if higher priority) up to scaled grant and transmit non-scheduled data, since non-scheduled have the reserved power available.  Therefore, if the grant based scheme is used, then we see a clear benefit to take into account the actual amount of non-scheduled data into account when pre-allocating power.
On the other hand, ff the power limitation is imposed in the E-TFC restriction, then we think that no power wastage will occur even if the UE does not take into account the actual number of bits available.  This is due to the fact that the UE will have the pool of resources reserved for the carrier to be used by either scheduled or non-scheduled flows. If the E-TFC restriction based scheme is used, we see no benefit into taking into account the actual amount of non-scheduled flows into account and that just considering the non-scheduled grant is sufficient. 
Proposal  2a: 
If grant-based scheme is agreed,  agree to take the actual amount of available non-scheduled data into account when pre-allocating power

Proposal 3a:
If E-TFC restriction-based scheme is agreed, agree that the amount of available non-scheduled data doesn’t need to be taken into account

2.4 Initial carrier transmission

In the last meeting it was proposed that the UE starts with the primary carrier, due simplicity and to the fact that the non-scheduled are restricted to the primary carrier.  In addition in [4] it was also proposed that the UE starts with the secondary carrier in order to ensure that if higher priority scheduled data are available the UE can transmit them first.

Once again, this decision also depends on which scheme is used for imposing power limits.  For the grant-based solution, it doesn’t matter which carrier is selected first, since power has been pre-allocated for non-scheduled flows.  In this case, for simplicity and network predictability we can start with the first carrier.
If the power limit is imposed via E-TFC restriction, then the decision on which carrier to select first may be different.

In [4] a scenario was described, where a scheduled flow had higher priority than a non-scheduled flow.  In this scenario if the UE started with the first carrier, then the lower priority non-scheduled flow would have been transmitted even though higher priority scheduled data was still available.   Starting on the secondary carrier ensures at some level that the priority is maintained and that the UE can transmit both scheduled and non-scheduled according to priorities.   
Proposal 2b:
If grant-based scheme is agreed, agree to start with the primary carrier first

Proposal 3b:
If E-TFC restriction-based scheme is agreed, agree to start with the secondary carrier first

3 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 where the power limitation should be imposed (grant-based or E-TFC restriction-based);

If grant-based scheme is agreed:
Proposal  2a: 
Agree to take the actual amount of available non-scheduled data into account when pre-allocating power;
Proposal 2b:
Agree to start with the primary carrier first;
If E-TFC restriction-based scheme is agreed:

Proposal 3a:
Agree that the amount of available non-scheduled data doesn’t need to be taken into account

Proposal 3b:
Agree to start with the secondary carrier first
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