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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 the E-TFC restriction procedure for DC-HSUPA with parallel power allocation.
2 E-TFC Restriction for DC-HSUPA
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 power imbalance between two carriers when the UE is power-limited [1].  The exact way to calculate the reduced grant values are FFS and subject to discussion in RAN2.  

When DC-HSUPA is configured and the UE has a secondary uplink frequency activated, the UE may have to carry out E-TFC restriction for up to 2 carriers in a TTI.  We distinguish two separate scenarios where E-TFC restriction is executed.  The first scenario consists of the case where the UE is performing a HARQ retransmission on only one of the two uplink frequency.  The other uplink frequency is free for a new E-DCH transmission.  The second scenario consists of the case where there are no HARQ retransmissions.
3 First scenario: HARQ retransmission on one carrier

For this scenario, it was agreed at the RAN2 #66 meeting in San Francisco that the E-TFC Selection procedure should follow the same rules as the conventional E-TFC Selection procedure [2]:

Agreement: If there is new transmission on only one carrier, the legacy single-carrier rule can be applied with the power of the pilot and overhead on both carriers and the power required by the retransmission deducted from the maximum available power. 
Thus when the UE is performing a HARQ retransmission, in order to determine the set of supported E-TFCs, the NRPM calculation should account for the power being used by the retransmission on the other carrier.   
Specifically, if carrier k is the carrier over which the HARQ retransmission is occurring and carrier l denotes the carrier for which E-TFC restriction needs to be executed, the NRPM for the jth E-TFC candidate for carrier l becomes:

NRPMj,l= (PMax j - PDPCCH,target,l - PHS-DPCCH - PE-DPCCH,j,l - PDPCCH,target,k - PE-DPCCH,k - PE-DPDCH,k)/ PDPCCH, target,l,


(1)

where
PMax j

the maximum UE power for E-TFC candidate j (accounting for MPR)
PDPCCH,target,l 
the DPCCH power on carrier l

PHS-DPCCH  

the power of the HS-DPCCH

PE-DPCCH,j,l

the power of the E-DPCCH for E-TFC candidate j on carrier l
PDPCCH,target,k
the power of the DPCCH on carrier k
PE-DPCCH,k

the power of the E-DPCCH being transmitted on carrier k
PE-DPDCH,k

the power of the E-DPDCH being transmitted on carrier k
Proposal 1: Use the above NRPM formulation for E-TFC restriction when there is a HARQ retransmission on one carrier
4 Second scenario: no HARQ retransmissions

For this scenario, it was agreed that a parallel approach would be used for splitting the power between the two uplink carriers.  The exact method is FFS (probably to be decided at RAN2#67bis).   

The algorithm proposed proceeds as follows:

Determine if the UE is power limited or not, according to the current grant:
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where 
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 is the maximum power that can be used for the E-DCH on carrier i, and SGi is the current serving grant on carrier i. If we let 
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 represent the maximum UE power accounting for the necessary backoff, 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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), a power limit on each carrier is imposed.  

The maximum power limit between the two carriers can be imposed in two different ways:

1. By scaling the current serving grants of the UE to determined a new set of virtual serving grants, SGinput,i , i= 1,2.  For instance, SGinput,i is calculated by scaling the serving grants SGi by a common factor (e.g. PDATA,max / (PE-DPDCH1 + PE-DPDCH2 )), such that if the UE uses the entire virtual serving grants, the entire UE power (Pmax) will be used (see [1]).
2. By scaling the Pmax value used for each carrier in E-TFC restriction procedure by a factor for example determined by the same scheme as in [1].  
The following sections discuss the impact of the different ways to limit UE transmission power on each carrier for the parallel allocation schemes on the E-TFC restriction procedure.  In addition, some sources of power inefficiencies associated to power allocation calculations are identified and discussed below.
4.1 Case 1: Power limit handled via virtual grant

One possible way to handle the power splitting is via a virtual grant; when the UE is power-limited, a virtual grant is calculated by scaling the actual serving grants of each carrier by a factor that is to be determined in RAN2 (see e.g. [1]).  The assumption here is that the virtual serving grant will impose the maximum power limit in the UE and therefore the total power used in both carriers for scheduled transmissions should not exceed the total maximum power.   In this case E-TFC restriction may be run on each carrier independently, assuming no E-DPDCH is being transmitted on the other carrier.

However, this approach may be problematic for non-scheduled transmissions: a UE can transmit non-scheduled data up to the configured non-scheduled grant or up to available power regardless of the serving grant.  Since the power allocation scheme is computing a virtual grant based on the assumption that the remaining power is only available for scheduled transmissions, the UE may end up using more power than the maximum allowed power.  

There are two alternatives to resolve this potential issue:
a. Take into account the non-scheduled power in the calculation of the virtual grants: 
This approach requires that the UE take into account the amount of data in the non-scheduled flows in the calculation of the virtual grants.  More specifically, it requires the UE calculating the power required to transmit non-scheduled transmissions for the allowed MAC-d flows, based on data availability and non-scheduled grants,  and pre-allocating that power to non-scheduled transmissions.  The remaining power after non-scheduled power is deducted is then used to determine the scaling factor for the grants.
b. Run E-TFC restriction consecutively:

This approach consists of performing E-TFC restriction on the first carrier assuming all the power is available for this carrier.  Once the set of supported E-TFCs are determined, the UE fills up the carrier with non-scheduled data up to non-scheduled grant and/or with scheduled data up to the scaled virtual grant or up to the max supported E-TFC.  Then E-TFC restriction is performed on the second carrier, where the power used in the first carrier is taken into account when determining NRPM.   
This approach provides the UE with the exact set of supported E-TFCs for the second carrier, thus never exceeding the maximum allowed power nor the virtual grant.  However it requires that E-TFC restriction for the second carrier is run after E-TFC selection is completed on the primary carrier.
4.2 Case 2: Power limit handled via E-TFC restriction mechanism
Another way of handling the power allocation consists of splitting the power at the E-TFC restriction level.   This implies that the maximum allowed power for each carrier is calculated for example using a scaling factor to be determined by RAN2.  This maximum limit is used as the new Pmax in the NRPM calculations to determine the set of supported E-TFCs for each carrier independently.  

This approach is advantageous as it does not require any particular treatment for non-scheduled transmissions to ensure that the UE power is not exceed at the E-TFC selection; the normal E-TFC selection procedure could be used for both carriers.

We note that for both cases 1 and 2 if no power is pre-allocated to the non-scheduled transmissions on the primary uplink frequency in the power allocation calculation, non-scheduled transmissions priority might be compromised when the UE is power-limited.  This is due to the fact that the schemes under discussion base the power allocation schemes on the serving grants for each carrier.  This means that if the primary carrier has zero grant or a very low grant, the primary carrier will not get any headroom to transmit data on this first carrier.  However, if non-scheduled data are available, the UE will not be able to transmit this data, since no or very little headroom has been given to the primary carrier.  Given the priority of non-scheduled data and the fact that the transmission is independent of the serving grant, this behavior may be undesirable.  
In order to resolve this issue, the UE would first have to account for non-scheduled transmissions and then use the remaining power to scale the grant.  The maximum allowed power for each carrier would be equivalent, to the power allocated for non-scheduled transmission + scheduled transmissions for the first carrier and to the power allocated for scheduled on the second carrier.
4.3 Power inefficiencies
In the case where there are two new transmissions, power inefficiencies are bound to occur regardless of the power allocation method used.  To illustrate, we consider the power splitting algorithm based on serving grant proposed in [1].

1. A first source of power inefficiency for this equal grant scaling approach comes from the under-estimation of 
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a. Pmax used to calculated PDATA,max:

In the existing E-TFC restriction procedure, the maximum power UE power is calculated for each E-TFCI by subtracting a power backoff from the UE maximum transmit power (based on UE category or signaled by the network).  This backoff depends on the E-TFCI being considered.   

Pmax used in the calculation of PDATA,max will account for necessary backoff based on the actual serving grants (SG1 and SG2).   However, since depending on the available power the virtual grants may be much smaller, it is likely that the actual E-TFCIs used for transmission require smaller backoff than originally predicted.  This would result in a potential waste of power.

b. E-DPCCH power on each carrier used to calculate PDATA,max (when E-DPCCH power boosting is enabled):

When E-DPCCH power boosting is configured, the E-DPCCH power offset is no longer fixed and depends on the E-TFCI being transmitted.  Thus when the UE calculates PDATA,max in (4), it bases the calculation of the E-DPCCH power offset on the largest serving grants and E-DPCCH power it requires to transmit the given serving grant.  Since these grants may be scaled down significantly, it is likely that the actual E-DPCCH power used for transmission be smaller than originally predicted, resulting in a potential waste of power.

Note that these two sources of power inefficiency will affect all scaling schemes that use Pmax and PE-DPCCH to determine the amount of allocated power a similar way.

2. A second source power inefficiency originates from the fact that the E-TFC selection may not make use of all the allocated power due to, for example, limited buffer and MAC-d flow multiplexing list restrictions.

One way to resolve this power waste is to run E-TFC restriction for the second carrier after E-TFC selection for the first carrier has completed.  More specifically, the UE first calculates the power allocation according to a parallel scheme to be decided in RAN2.  Let PMaxj,k denote the maximum power allocated for carrier k=1,2  with appropriate backoff for the jth E-TFCI.  Then for the first carrier for which E-TFC selection is run, , the E-TFC restriction could be calculated assuming no E-DCH is being transmitted on the secondary carrier as follows:

NRPMjk= (PMax j,k - PDPCCH, target,k- PDPCCH, target,l - PHS-DPCCH - PE-DPCCH,j,k)/ PDPCCH, target,k, k≠l
(5)
When E-TFC selection is performed for the other secondary carrier, the same NRPM calculation as the one provided above for the case of a single HARQ retransmission occurring on a carrier (see equation (1) ) could be used, i.e.:


NRPMj,l= (PMax j - PDPCCH, target,k- PDPCCH, target,l - PHS-DPCCH - PE-DPCCH,j,l- PE-DPCCHk- PE-DPDCHk)/ PDPCCH, target,l
(6)
This approach also resolves the issue with Case 1 outlined in Section 4.1.
4.4 Discussion

Two different methods of performing E-TFC restriction were discussed, mainly independent and one carrier at a time.  In addition different ways of limiting power in the UE were discussed, mainly via virtual grants and via max power limitation per carrier.  As seen, there are advantages to handling the power allocation for DC-HSUPA operations at the E-TFC restriction level and to applying E-TFC restriction for the second carrier after E-TFC selection is completed on the first carrier, in particular for handling non-scheduled transmissions and for resolving power inefficiencies. 
It is proposed to discuss the different E-TFC restriction schemes and the different ways of limiting power.   If the decision on E-TFC restriction impacts the RAN2 decision on how non-scheduled transmissions should be taken into account, it is also proposed that an LS to RAN2 is sent suggesting the preferred way forward.  

Proposal 2: Discuss and agree on the preferred approach for E-TFC restriction for DC-HSUPA.
5 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: Use the proposed NRPM formulation for E-TFC restriction when there is a HARQ retransmission on one carrier
Proposal 2: Discuss and agree on the preferred approach for E-TFC restriction for DC-HSUPA.
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