3GPP TSG RAN WG2 Meeting #67
R2-094391
Shenzhen, China, 24th -28th August, 2009

Agenda Item:
10.2.3
Source:
Ericsson, ST-Ericsson
Title:
DC-HSUPA and E-TFC selection
Document for:
Discussion and decision
1 Introduction
This contribution is a complement to our previous contributions on E-TFC selection for DC-HSUPA. Focus is to present a more detailed description of the parallel E-TFC selection algorithm and to compare it with the sequential approach. For the motivation and performance comparison we refer to our previous contributions [1][2].
2 Description of the parallel E-TFC selection algorithm
In DC-HSUPA the UEs total power and buffer is shared between the two carriers. Hence, E-TFC selection for DC-HSUPA has to be performed jointly across the carriers. In this contribution we outline the sequential and the parallel approach and in description we distinguish between the following two cases:

· Power limited UEs are defined as UEs that cannot simultaneously exploit its serving grant to 100% on both carriers due to its limitation on maximum transmit power.

· Buffer limited UEs are defined as UEs with an amount of data ready to be transmitted that is less than the one permitted by the two serving grants.
2.1 Description of the proposed algorithms
The UE maintains a serving grant (SG) for each carrier. These SGs are based on the absolute grants (AGs) and the relative grant (RG) commands for each respective carrier. The SG describes the maximum E-DPDCH-to-DPCCH power ratio that the UE is allowed to use and given the SG, the UE can compute the power that it is allowed to allocate to each carrier i={1,2} as 

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



(1)
Here PE-DPDCH,i=SGiPDPCCH,i denotes the maximum power that it can use for E-DCH. We moreover let Pmax represent the maximum transmit power accounting for necessary backoff [6] and B the total amount of data in the UE buffer (not accounting for data that is retransmitted). 
Overviews of the parallel and sequential approach for E-TFC selection are presented in Figure 1 and Figure 2, respectively. In the following two subsections we describe the UE procedures associated with the parallel approach in situations where the UE is power and buffer limited. Note that the description only covers the situation where the UE has new data to transmit on both carriers. The UE behaviour in contexts where retransmissions occur on one (or both) of the carriers has already been agreed in RAN2.
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Figure 1 Flow diagram of the parallel approach of E-TFC selection. 
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Figure 2 Flow diagram for the sequential approach of E-TFC selection.
2.1.1 UE behaviour in the power limited state (parallel approach)
To determine whether the UE is power limited it start by estimating P1 and P2 according to (1). Using these values it subsequently evaluates whether P1+P2 > Pmax, or equivalently PE-DPDCH,1+ PE-DPDCH,2 > Pmax – ( PDPCCH,i+PHS-DPCCH,i+PE-DPCCH,i) = PDATA,max. Here PDATA,max represents the power that can be allocated to E-DCH traffic. If the UE is power limited it needs to reduce the transmit power associated with each of the carriers so that the total power needed does not exceed the maximum Pmax. 
The first step when the UE is power limited is to compute the scaling factor (=PDATA,max /(PE-DPDCH,1+ PE-DPDCH,2) with which the PE-DPDCH,1 and PE-DPDCH,2 should be scaled. The modified power levels associated with the E-DPDCH(s) of each carrier can then be computed as PE-DPDCH,mod,i = ( PE-DPDCH,i where i={1,2}. Note that these powers can be mapped into two fictitious “serving grants” SGinput,i= ( SGi. The computation of these represents the second step (see Figure 1). In the third step, SGinput,1 and SGinput,2 are used to estimate the number of bits that could be transmitted on each carrier using the extra or interpolation formula (similarly as today). Note that these estimates are dependent on the parameters of the MAC-d flows (e.g., multiplexing list, power offset, etc.). From these estimates the UE can determine the maximum supported E-TFCI for each of the two carriers.
2.1.2 UE behaviour in the buffer limited state (parallel approach)
If the UE is not power limited it should utilize the SGs to determine the supported E-TFCIs by either using the extra or interpolation formula in combination with the relevant table (see Appendix B in 25.321). Given the TB1 and TB2 the UE determines if it is buffer limited by evaluating whether TB1+TB2 > B. If the UE is buffer limited the UE computes the scaling factor ( which is then used when filling up the MAC PDU up to the (SGi for each of two carriers. Using this scaling factor a similar utilization on the two carriers is maintained. 
2.1.3 UE behaviour in the power limited state (sequential approach)
The sequential approach to E-TFC selection described in Figure 2. There the UE starts by sorting the carriers with respect to their DPCCH power. In the following we will assume that carrier 1 is associated with less power than carrier 2 (Pdpcch,1<Pdpcch,2). Based on this assumption the UE would start by performing the E-TFC selection for carrier 1. Subsequently to having performed this, the UE determines: 

1. The remaining power that can be allocated to the other carrier Premain=Ptot-PDPCCH,1- PDPCCH,2  -PE-DPDCH,1-PHS-DPCCH-PE-DPCCH,1
2. The remaining data in the buffer (TEBS- iMAC-di) where MAC-di denotes the data belonging to MAC-d flow i that was allocated to carrier 1. 
If UE has remaining power and data in its buffer it performs the E-TFC selection for the other carrier using Premain and (TEBS- iMAC-di) as input parameters.
2.2 Performance and complexity aspects
During the last RAN2 meetings several E-TFC selection algorithms have been presented [1][2][3][4][5]. The performance offered by these algorithms were evaluated in [2] for a full buffer scenario by means of system simulations. These evaluations covered multiple loads (average number UEs per cell) and channel models. The main conclusions were:
· All algorithms offered similar system performance (throughput)

· The power difference between the carriers were significantly larger for sequential algorithms (as compared to parallel algorithms)

The main advantages with the parallel E-TFC selection algorithm are that it results in more predictable UE behavior since the UE is given less flexibility (e.g., if a UE has received grants on both carriers it will transmit on both carriers). From the network point of view a predictable UE behavior (and thus interference) is important. As a matter of fact, controlling the interference so that interference overshoots is avoided is one of the most challenging problems in current network operation of E-DCH. Currently, this is typically handled by introducing safe margins to the maximum allowed noise rise. The size of this margin depends on the interference variations and the larger variations the larger margins are needed (which reduce the supported cell throughput). In this context one should also consider the effects of a varying traffic pattern. In buffer limited scenarios, sequential approaches can be expected to result in larger variations in the used transport format for the second carrier (which is only used if the “best” carrier’s grant is exhausted and transmission power still exists). In fact, the used transport format may vary from the highest grant allowed by the remaining power to the transport format needed to empty the buffer; occasionally followed by a DTX on the E-DCH. Note also that this variability in transport format can be expected to increase if the granted total bit rate is high since the probability of emptying the buffer and/or entering a power limited state increases.
In terms of complexity the sequential and parallel E-TFC selection algorithms are similar. For the parallel approach, it should be noted that in case a UE is power or buffer limited it is sufficient to compute a set of modified serving grants per carrier once (i.e., the serving grants do not need to iterated).
Note that, a sequential E-TFC selection scheme may, if variations are large and with a fully radio aware RLC PDU size, result in larger differences in RLC PDU-size between the carriers. This need to be handled in the NW. The RLC PDU size handling may thus also need to be evaluated in the scheme selection discussion.

3 Summary and conclusions
This contribution has described the parallel approach to E-TFC selection. We furthermore compared it to the sequential approach; both with respect to performance and complexity. The main conclusions from these comparisons were that both approaches are associated with similar performance and complexity. Some advantages with utilizing a parallel approach were also highlighted.
Proposal: Agree on the parallel E-TFC selection algorithm.
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