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1 Introduction
In the Work Item for DC-HSUPA discussions on E-TFC selection has been initiated in RAN2. This document discusses general principles that could be useful for progressing towards a common set of working assumptions necessary for a detailed specification. The basis of the discussion and proposals is the current Rel-8 specification of the UE E-TFC selection. 
2 E-TFC selection for DC-HSUPA
Simplified the UE E-TFC selection of Rel-8 is based on that the UE maintains a Serving Grant (SG) by – at every TTI – calculate a maximum number of bits of scheduled data that can be used in UL transmission. This computation is based on an extrapolation or interpolation function taking the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate as input. The latter is given by the Absolute Grant and the reference E-TFCs. Based on priority, the available payload of user data may be further limited by Non-scheduled (NS) data and, if configured, Scheduling Information (SI). 
2.1 UE states for DC-HSUPA

In DC-HSUPA, UEs have two separate transport channels and each of these has a separate SG. The available transmit power and the buffer must however be shared amongst the carriers. Based on these constraints one can distinguish between three different states where the UE is limited by:
· the grants available on the carriers
· the total transmission power, and

· the data available in the UE buffer.

Below, these different UE states are discussed in greater detail and to simplify this discussion we also introduce the following notations. The serving grant associated with carrier i is denoted i,. This is based on the Absolute and Relative Grants as discussed above. We moreover let pdpcch,i, phs-dpcch,i, and pe-dpcch,i denote the transmission power allocated to the DPCCH, HS-DPCCH, and E-DPCCH on carrier i. Then, the total transmission power allocated to carrier i can be written as 

Pi=pdpcch,i(1+i)+pdpdch,i+phs-dpcch,i+pe-dpcch,i. 

Finally we also introduce the variable Pmax  for describing the total UE maximum transmit power (including any potential back-off).

2.1.1 Grant limited only (full buffer, no power limitation)
In situations where P1+P2<Pmax, i.e. no E-TFC are in blocked state due to power limitation, and where the amount of data available in the UE buffer exceeds the one that can be transmitted according to the grants the E-TFC selection can be performed individually for each carrier according to existing legacy behaviour. That is, the UE construct transport blocks from the available logical channels on both carriers in such a way that the grants are exhausted. Unless strong technical reasons for mapping the highest priority logical channel to a specific carrier (e.g., in terms of the existence of signalling radio bearers, requirements or constraints with respect to mobility, Non-Scheduled data, etc.) the mapping between channels with highest priority and carrier could be up to UE implementation. 
2.1.2 Power limited UE
If the maximum UE transmit power (accounting for potential back-off) is smaller than the transmission power that would be needed to fully utilize the individual grants on the respective carriers, (i.e. P1+P2>Pmax) and the amount of data available for transmission is greater than the amount permitted by the two existing serving grants, the UE is in a power limited state. In this case the available transmission power needs to be divided amongst the two carriers in such a way that the modified values, which we refer to as P1* and P2*, fulfil:

· The maximum transmit power requirement, i.e. P1*+P2*= Pmax 

· The grant on each carrier is respected, i.e. P1*<P1, P2*<P2.  

Notice that power limited UEs always will transmit with their maximum power. 
2.1.3 Buffer limited UE 

If the amount of data available in the UE buffer is smaller than the amount that can be transmitted with the grants the UE is in a buffer limited state. In this case the E-TFC selection needs to account for that the UE buffer needs to be shared amongst the two carriers. Depending on the how the data is divided amongst the two carriers the grant utilization level may thus vary. Note that, instead of reducing the available transmit power until the overall power constraint is met, the scaling is performed so that the chosen transport formats are match the amount of data in the UE buffer.

2.2 E-TFC selection for power and buffer limited UEs

In principle we can envision two approaches for E-TFC selection; approaches in which power and/or buffer limited UEs give preference to one of the carriers and methods in which the E-TFC selection strive to maintain a similar grant utilization level on each of the carriers. We will refer to these two approaches as being sequential or parallel.

2.2.1 Sequential approaches 
As mentioned above, the sequential are based on that the E-TFC allocates as much resources as possible to one of the two carriers. For prioritizing between the carriers several criteria are possible: For example include always start with the primary carrier, always start with the carrier with smallest DPCCH power, to always start with the carrier with largest Serving Grant, etc. If the Serving Grant for the specific carriers is fully utilized and additional resources (i.e. power or data) are available these are subsequently allocated to the other carrier. The main advantage with these sequential approaches would be their simplicity. We also acknowledge the fact that a sequential approach where the prioritization is based on the minimum DPCCH power enables fast diversity gains on link level. The main disadvantage with sequential approaches, especially if they are designed so as to exploit fast fading, is that the carriers are not handled in the same manner. This will result in larger interference variations.
2.2.2 Parallel approaches

The alternative to parallel approaches is a UE E-TFC selection where similar utilization (compared to the full buffer and no power limitation case) of the carriers is maintained. This could for example be achieved by scaling the power/data allocated to each carrier proportionally before determining the supported E-TFCs for each carrier, i.e the total power or grant for each carrier is scaled with a factor giving a resulting relation between the carriers that would have existed if the UE was grant limited. For example, for a buffer limited UE; using the grant as the scaling method, this would mean that each Serving Grant (i ), would be scaled with a factor: i *= i x(i /i i). Using the available power as scaling factor the total power would divided in such a way so that Pi*= Pi min(1,Pmax/j Pj). Given the scaled versions E-TFC selection is performed according to legacy rules. 

3 Scheme selection
In comparison the different approaches described in section 2 have somewhat different complexity and performance. The complexity increase of a using a parallel scheme instead of a sequential can be regarded marginal; while the performance difference depend very much on what types of schemes that are adopted for a sequential solution for the comparison. From an overall system performance point of view initial simulation results show that a sequential scheme would bring a performance comparable to a greedy filling type of E-TFC selection scheme. 
Form a network resource utilization view, involving load, performance, interference mitigation and end user QoS, SC E-DCH in today’s networks has shown that the most challenging tasks in operating NWs has been to optimize the available radio resources to a varying load while achieving a high (end user and system) performance when at the same time keeping control of interference. Especially to control unpredictable interference overshoots. The resulting operation is that a considerable margin is adopted to cater for these issues. When considering a large portion of single carrier UEs in addition to an increasing population of MC UEs in the system, this aspect becomes especially important.
To make efficient use of existing radio resources power control and load control algorithms are used. These benefit from a stable and predictable behavior such that a stable and predictable interference situation enables higher radio resource utilization. Consequently, it would be desirable to use an E-TFC selection solution for DC-HSUPA UEs that limits interference variations. In this way a high system performance can be achieved.
A highly varying pattern in the used transport formats can be expected in case the UE regularly succeeds to empty much (or even all) of its transmission buffers. It is very likely that in many cases the available grant on both carriers will exceed the data available in the transmission buffer in a TTI. The variation can also be expected to increase if the UE E-TFC selection is specified so that e.g. the UE must first fill the available grant or power on one of the carriers, and then use the remainder on the second (e.g. greedy filling [1]). This second carrier will thus in many cases experience a highly varying pattern in the transport formats. The used formats may vary from the highest grant (or, limited by the UE power) to the format needed to empty the buffer - occasionally followed by DTX on E-DCH. The likelihood of high variability in the transport formats can also be expected to increase if the supported (granted) total bit-rate is high, as the likelihood of emptying buffers or reaching a power limited state increases. This scenario is assumed to be very likely since many users will be put on HS/DC-HSUPA not based on need in first place but based on UE capability. This means there will be a lot of these low-rate users in the system.

One approach for achieving a more predictable behavior would be to let UEs with grants on two carriers utilize them to similar degree as in the parallel scheme for UE E-TFC selection. In addition to reducing interference variations, a similar utilization level of the two grants may also reduce the utilization of power inefficient high-order modulation (e.g., 16 QAM). 

Furthermore, DC-HSUPA UEs will coexist with legacy (single carrier) UEs for a foreseeable future. Hence, the grants associated with the DC-HSUPA UEs will typically also depend on the (instantaneous) load caused by single carrier UEs. The load caused by these UEs may, due to a slow load balancing via the RNC, be very different on the two carriers. Hence, also from a fairness point of view it could be desirable that DC-HSUPA UEs aims at utilizing the scheduled grant on both carriers to a similar degree. By doing this, the behavior of a DC-HSUPA UE will be similar to single-carrier HSUPA UEs.
4 Conclusion

Proposal: It is proposed that in order to benefit from a stable and predictable behavior such that a predictable interference and utilization situation is achieved in the NW, UE –E-TFC selection is based on a parallel scheme as described in 2.2.2.
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