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1 Introduction
During RAN2#67 it was agreed that a parallel scheme should be adopted for E-TFC selection in DC-HSUPA. However, still there are several open issues and in this contribution we discuss these. More specifically, section ‎2 focuses on the discussion about which metric that the parallel should be based on.  Thereafter in Section ‎3 we discuss the other outstanding issues for E-TFC selection in DC-HSUPA.
2 E-TFC selection in DC-HSUPA
The performance of different E-TFC selection algorithms has been extensively discussed in the last couple of RAN2 meetings. During RAN2#67 it was agreed to use a parallel scheme.
The performance of different E-TFC selection algorithms that can be expected in a real network were discussed in ‎[2] and ‎[3]. There it was highlighted that one of the main benefits with relying on a parallel E-TFC selection is that will result in that the UE behaviour becomes more predictable e.g., if a UE has received grants on both carriers it will transmit on both carriers. The size of these gains will however, as we repeatedly have noted in our contributions, be dependent on that the network can control and predict the UE behaviour. To exemplify, if the power division between the two carriers only would be based on the DPCCH levels associated with the two carriers, the network will neither be able to control nor predict how the UE will behave. For this reason we believe that it is important that the E-TFC selection is based on metrics that is under the control of the network. One example of such a variable is the grant. Note also, that any parallel scheme that is based on a combination of parameters controllable by the network and parameters that are not will reduce both the controllability and predictability of the UE behaviour.
We furthermore believe that it is advantageous if the E-TFC selection algorithms adopted for DC-HSUPA result in that the behavior for DC-HSUPA capable UEs is similar as to the SC-HSUPA UEs. With respect to this, we notice that the parallel E-TFC selection based on the serving grants will ensure that the SC UE behavior is maintained.
In the following we describe the E-TFC selection algorithm using the serving grant as the basis for power scaling.

2.1 A parallel scheme for E-TFC selection based on the SGs

In DC-HSUPA the UE maintains a separate serving grant (SG) for each of the uplink carriers. These SGs are based on the absolute grants (AGs) and the relative grant (RG) commands that are associated with each respective carrier. The SG describes the maximum E-DPDCH-to-DPCCH power ratio that the UE is allowed to use. For a given carrier i={1,2} the UE can compute the power that it is allowed to allocate to each carrier as 

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



(1)
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 addition, we let Pmax represent the maximum transmit power accounting for necessary back-off and B the amount of data in the UE’s E-DCH buffer (not accounting for data is will be retransmitted).

As RAN2 already has agreed on that the UE should comply with legacy rules when retransmissions occur on one of the two carriers the description presented in section ‎2.1.2 to section ‎2.1.4 is limited the scenario in which the UE has new data to transmit on both carriers. First, however, we describe the UE states in DC-HSUPA.
2.1.1 UE states in DC-HSUPA

As has been noted previously, a DC-HSUPA capable UE shares to its total transmission power and E-DCH buffer amongst the both uplink carriers. The E-TFC selection therefore has to be performed jointly across them. Depending on the SGs, the total UE transmit power, and the E-DCH buffer status we distinguish between following three cases:
· Grant limited UE operation where the amount of data and transmission power available for E-DCH transmission are sufficient to completely utilize the SGs on both carriers simultaneously. For this case, RAN2 has already agreed that the UE for each uplink carrier should comply with the Rel-8 rules for E-TFC selection. 
· Power limited UE operation where the transmission power that the UE has available for E-DCH transmissions is not sufficient for utilizing the SGs to 100% on both carriers simultaneously. For this context RAN2 has agreed that the UE should use the parallel scheme. The specific criterion used in the parallel scheme is however still FFS.
· Buffer limited UE operation where the traffic available in the E-DCH buffer is less than the amount of traffic that the serving grants permitted by the two SGs. The UE behaviour for this case is still FFS. 
2.1.2 UE behaviour in the grant limited state
UEs that are in a grant-limited mode of operation should, for each carrier respect the existing Rel-8 rules. More specifically, the UE should for each carrier select the E-TFC that:

· Maximizes the transmission of higher priority data 
· Results in the smallest amount of padding for the selected MAC-is PDUs and corresponding MAC-i/is header 
In addition it could be argued that the total grant utilization depend on how the UE fills the respective grants on the carriers. For instance, if a high priority flow with configured multiplexing restriction only manages to partly fill the grant on one, or even both carriers, then there could be UL resources (grants) that are left unused. If the UE however is mandated to consider cases when a mac-d flow can be restricted to only one of the carriers; thus allowing a transmission of (the) other mac-d flows on the other carrier (mac-d flows not restricted by MUX restrictions), a much more effective utilization could be obtained. Similarly to the above, a specification text could look like:

· For the transmission of multiple MAC-d flows the resulting total payload shall be maximized after considering the multiplexing list identifying for each MAC-d flow(s), the other MAC-d flows from which data can be multiplexed in a transmission (that uses the power offset included in its HARQ profile))
Conclusion 1: For a grant limited UE, Rel-8 requirements should apply. i.e in general, the transmission format and data allocation for each carrier shall follow the requirements and behaviour as stated in 11.8.1.4 as far as possible.  
Proposal 1: For DC-HSUPA the UE shall for each carrier select the E-TFC so that the resulting total payload should/shall be maximized after considering the multiplexing list identifying for each MAC-d flow(s), the other MAC-d flows from which data can be multiplexed in a transmission.
2.1.3 Power limited UE operation
To determine whether the UE is power limited, the UE starts by estimating P1 and P2 according to (1). Based on these values the UE evaluates whether 
P1+P2 > Pmax,  





(2)

or equivalently PE-DPDCH,1+ PE-DPDCH,2 > Pmax – ( PDPCCH,i+PHS-DPCCH,i+PE-DPCCH,i) = PDATA,max. Here PDATA,max represents the total power that can be allocated to E-DCH traffic. If the conditions stated in (2) holds the UE is power limited and it needs to reduce the transmit power associated with the each of the carriers so that the total power needed does not exceed the maximum Pmax. 
In order to reduce the powers that can be used on each of the two carriers in alignment with the parallel scheme the UE needs to compute a scaling constant. Our preference is that this is based on the power that is allowed for E-DPDCH transmissions considering the serving grants. Mathematically, the scaling factor could be written as
(=PDATA,max /(PE-DPDCH,1+ PE-DPDCH,2)


         
 
(3)

This constant should be used to scale the power that can be used to E-DPDCH transmissions on each carriers so that (2) holds. Note that the modified power levels are given as
PE-DPDCH,mod,i = ( PE-DPDCH,i  




    
(4)

where i={1,2}. These powers can be interpreted as two “fictitious grants” SGinput,i= ( SGi.
Based on the modified grants SGinput,1 and SGinput,2 the UE determines the supported E-TFCs, the maximum number of bits (via the inter or extrapolation formula), and the E-TFCIs by means of the same procedures as for the grant-limited operation.
Proposal 2: When new transmissions occur on both uplink carriers and the UE is power limited E-TFC selection for each carrier should be based on Rel-8 rules taking a modified grant SGinput,i= ( SGi where (=PDATA,max /(PE-DPDCH,1+ PE-DPDCH,2) as input.
2.1.4 UE behaviour in the buffer limited state
If the UE is not power limited it should utilize the SGs to determine the E-TFCs that are in the supported state (by using relevant formula and E-TFCI table in ‎[4]). If the supported E-TFCs permit that a larger amount of data than the one available in the E-DCH buffer is transmitted, the UE is in a buffer-limited mode of operation. As a design guideline it is desirable if the same principle as for the power limited case is maintained. That is the UE should aim at maintaining similar grant utilization for both uplink carriers and the appropriate scaling constant  can be derived from the interpolation and extrapolation formula. We note however, that a consequence of this approach is that the UE that has received SGs on both carriers always will transmit E-DPDCHs, E-DPCCH, and DPCCH on both the carriers; even if the UE is severely buffer limited.

If desired, the associated overhead may reduced if severely buffer limited UEs only transmit data on one of their two uplink carriers. If this option is considered, we believe that it would be preferable to use a simple in which the UE always transmit on the same primary carrier. A possible condition for this would be that the ratio between the data available in the E-DCH buffer and the amount of data that the UE would be able to transmit with the grant SG1 is smaller than a threshold. This threshold could either be hard-coded or configurable via RRC.
Proposal 3: RAN2 should discuss and agree upon the desired UE behavior in buffer limited operation.
3 Open issues
In this section we highlight the open issues related to the E-TFC selection and present our view.

3.1 Non-scheduled transmissions
It has been decided that non-scheduled transmissions only can take place on the primary uplink carrier. Often non-scheduled transmissions, e.g. SRB, are delay sensitive and of high importance. A relevant question therefore becomes whether there is a need to introduce new mechanisms for ensuring that non-scheduled transmissions remains possible in DC-HSUPA also under extreme conditions.

With respect to this issue our position is that the already existing mechanisms are sufficient. For example, non-scheduled transmissions on the primary carrier could be ensured by setting the MAC-d priorities, possibly together with an increased minimum set of E-TFCs (see further section 3.2 for the related discussion). It is possible to argue that an increased size of the minimum set of E-TFCs will increase the probability that the UE needs to apply power scaling. At the same time, however, it is important to recognize that RAN1 has agreed have to utilize carrier-specific ed.k,min in the power scaling algorithm. This, allow the network to protect the transmissions on the primary uplink carrier; e.g., by setting ed.k,min to a high value on the primary carrier and low value on the secondary carrier. We thus believe that the existing means available to the network is sufficient for ensuring that non-scheduled transmissions can occur.

Conclusion 2: It is not necessary to introduce any changes in the specifications to protect non-scheduled transmissions. 

3.2 Minimum set of E-TFCs
Another open issue related to the E-TFC selection for DC-HSUPA is

· Whether the minimum set of E-TFCs should be carrier-specific? and/or 

· When the UE should take the minimum set of E-TFCs into consideration? 

We start by addressing the first of these two questions. The minimum set of E-TFCs is mainly of importance particular in situations where the UE has scaled its SGs extensively so that the UE has a (modified) grant that is so small so that not even the smallest E-TFCI can be supported. For power limited UEs, this will occur in situations where the UE is severely coverage and power limited or in situations where the UE is power limited but has asymmetric grants on the two uplink carriers. To ensure that the UE always is able to transmit some data and to not limit the scope of network optimization (see e.g., section 3.1) we believe that it would be beneficial if a different minimum set of E-TFCs could be supported for the two carriers.
Proposal 4: The minimum set of E-TFCs should be carrier-specific.
The second question (i.e. when the UE should take the minimum set of E-TFCs into consideration) has previously been discussed in ‎[5]. Therein it was argued that the minimum set of E-TFCs only should be considered for one carrier at a time (Notice that the carrier for which the minimum E-TFC set was applied could change dynamically between the two uplink carriers). The main reasoning behind this proposal was that applying a minimum set of E-TFCs on both carriers simultaneously would result in that power scaling occurred unnecessarily often – both when retransmissions occurred on one of the two carriers and when there were two new transmissions on the carriers. Although, we do not disagree with arguments presented in ‎[5] we believe that there are reasons that the UE always should apply the minimum set of E-TFCs. These include

· RAN2 has agreed that the UE behaviour should be similar as to Rel-8 behaviour when there is a retransmission on one of the two carriers. Specifying that the UE only should take the minimum set of E-TFCs into consideration when there are new transmissions on both carriers would violate this agreement.

· A solution in which the UE always apply the minimum set of E-TFC may be simpler.

· If the minimum set of E-TFCs is not applied also when a retransmission occurs on the other carrier some of the Event 6x cannot be used by the network.

For these reasons we propose:
Proposal 5: The minimum set of E-TFCs should always be applied on both carriers. 
3.3 Multiplexing list restrictions
A final issue that has not been agreed in RAN2 is whether the multiplexing list restrictions should apply per carrier or be common for both carriers. To ensure that a certain MAC-d flow does not block transmissions of data associated with the other flows that are transmitted on the other carrier, it seems justified to apply the MUX restrictions apply on a per-carrier basis.
Proposal 6: MUX restrictions shall be considered for each respective carrier individually.
4 Summary and conclusions
This contribution has discussed E-TFC selection for DC-HSUPA and the remaining open issues related to the topic. It is kindly requested that RAN2 discuss the proposals following proposals and conclusions for possible inclusion in stage 2/3 specifications. :
Conclusion 1: For a grant limited UE, Rel-8 requirements should apply. i.e in general, the transmission format and data allocation for each carrier shall follow the requirements and behaviour as stated in 11.8.1.4 as far as possible.  
Conclusion 2: It is not necessary to introduce any changes in the specifications to protect non-scheduled transmissions.

Proposal 1: For DC-HSUPA the UE shall for each carrier select the E-TFC so that the resulting total payload should/shall be maximized after considering the multiplexing list identifying for each MAC-d flow(s), the other MAC-d flows from which data can be multiplexed in a transmission.

Proposal 2: When new transmissions occur on both uplink carriers and the UE is power limited E-TFC selection for each carrier should be based on Rel-8 rules taking a modified grant SGinput,i= ( SGi where (=PDATA,max /(PE-DPDCH,1+ PE-DPDCH,2) as input.

Proposal 3: RAN2 should discuss and agree upon the desired UE behavior in buffer limited operation.
Proposal 4: The minimum set of E-TFCs should be carrier-specific.

Proposal 5: The minimum set of E-TFCs should always be applied on both carriers.

Proposal 6: MUX restrictions shall be considered for each respective carrier individually.
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