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Introduction

According to the WG1 working assumption for service multiplexing a combined rate matching is applied, considering both, the balancing of the bearers and the adaption to the channel bit rate (only TDD and FDD uplink) in one step. Within [1] a simple method was presented which includes static- and dynamic rate matching and additionally enables a very efficient use of the transmission capacity on the air interface. 

In [2] a very similar approach was presented, however another notation was used and moreover for FDD downlink always the maximal allowed puncturing rate is applied, which seems sub-optimal regarding coding gain and equal distribution of interference.

In the following the proposed method for calculating the exact number of bits for repetition or puncturing in case of several transport channels with different QoS is outlined, emphasising especially the application of the algorithm by means of flow charts.

Review of the proposed algorithm

Let us consider n transport channels (i=1..n), which are to be transmitted simultaneously in a multiplex signal. The possible rates of each bearer, which in general may vary from frame to frame, are defined in the individual Transport Format Set (TFS). This means, for each bearer with index i , Ni –bits are to be transmitted in a certain radio frame, which means the actual block size for that bearer after channel coding.

Additionally, for each bearer the required Eb/N0 has to be known, which defines the transmission power needed to fulfil the required BER without rate matching. Since after multiplexing all bearers are transmitted with the same S/N, it is one task of the rate matching to guarantee under this condition that for all bearers the required BER is reached as close as possible. However, for this balancing task not the absolute but just the relative Eb/N0 in comparison to all other bearers is needed, which allows to store for this purpose simple integer values with a certain granularity as part of the semi-static transport format. In the following, according to [1] the notation SRFi (Static Rate matching Factor) for these parameters is used.

However, the individual Rate matching Factor RFi which is actually applied to each block Ni results from the product of SRFi with DRF (Dynamic Rate matching Factor), which is common for all bearers to be multiplexed:
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(1)

To determine the unknown parameter DRF, the following formula has to be evaluated, which describes the dependency between the transmission capacity required by n bearers on the left side and the transmission capacity offered by m physical channels (j=1..m) with the respective capacity Ndata, j on the right side. 
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(2)

In (2) it is considered that to each radio link more than one physical channel can be assigned, which in general offer different capacities dependent on their SF. If more than one physical channel is assigned to one link, a definite order for their allocation must be fixed during call set-up. Moreover, in case of using shared channels the physical channels assigned to a certain link may be altered from frame to frame.

For DRF a lower limit has to be determined to avoid excessive puncturing which would deteriorate the code performance. Since this puncturing limit should be chosen for each transport channel independently, which is already considered in [2], the formula given in [1] has to be slightly modified:
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(3)
In (3) the minimal Rate matching Factor RFmin, i , which defines the limit for puncturing in the range 0 < RFmin, i ( 1 , is delivered specifically for each transport channel as part of the semi-static transport format.

Finally, the number of bits which are to be added or removed to/from each bearer by means of repetition or puncturing, respectively, then is given by the following formula ( (...( means rounding down):
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(4)


Thus, by application of formula (2), (3) and (4) with a fixed computing accuracy, both, the minimum number of physical resources and the optimal value for DRF can be calculated unequivocally using a simple procedure as described in the next paragraph.

Proposed Rate Matching Procedure

Although Rate Matching actually is performed within the physical layer, the higher layer, in detail the RRC, controls this mechanism by means of determining the appropriate Transport Format Combination Sets.

Therefore, as one possible solution, the algorithm for controlling the rate matching could be completely running in the RRC, and the MAC informs the physical layer during each frame period via the TFI for each Transport Channel about the amount of bits to be punctured or repeated. However, to reduce the signalling load on the Iub-interface it seems to be more appropriate to calculate the parameters for rate matching additionally inside the physical layer with the only dynamic information on Iub the indication of the respective Transport Format, i.e. the amount of bits to be transmitted for each bearer.

Independent of the location where the algorithm is performed there are certain steps which have to be executed partly only once at call set-up or multiple during each radio frame interval according to the following flow charts depicted in figure 1 and 2. Since for FDD-downlink DTX within a frame is allowed to enable a simple Blind Rate Detection (BRD) in the mobile, the procedure for this mode, depicted in figure 2, differs from the flow chart for rate matching for TDD and FDD uplink, see figure 1.

First, the procedure for FDD uplink and TDD including dynamic rate matching is described: 

At the beginning dependent on the combination of Transport Channels the DRFmin-parameter is calculated according to equation (3) with the bearer dependent balancing factors SRFi and the puncturing limits RFmin.

Now, with DRFmin inserted into formula (2) the maximal compression factor is applied to the multiplex signal with the maximal block size Ni,max for each bearer, to calculate in a second step the needed transport capacity for that user. For this purpose in (2) several physical channels with a respective capacity Ndata, j have to be tried until the right side equals or exceeds the left side using the maximum block size for each bearer. If physical channel with different spreading factor are admitted, then it will be possible to adapt the optimum number of physical channels with finer granularity, reducing the risk for resource shortage for FDD downlink.

While the first two steps have to be performed only once at call set-up since the determined parameters are static for a certain combination of bearers, the following three steps need to be repeated each frame:

Dependent on the actual block sizes Ni of all Transport Channels to be transmitted in the current frame using formula (2) with DRFmin now those channels are determined which are needed for transmission. For this purpose, just an unequivocal order for the usage of all allocated physical channels has to be defined a priori. 

[image: image1.wmf]n

i

for

SRF

DRF

RF

i

i

.

.

1

,

=

×

=


Figure 1: Rate Matching flow chart for FDD uplink and TDD 

Next, again formula (2) now with the sign of equation is solved for DRF considering only those physical channels determined in the preceding step. Using this value for DRF it is guaranteed that the data is fitted exactly to the offered transmission capacity after rate matching, which is finally performed with (Ni using (4) during the last step in the depicted flow chart.

The slightly different procedure for FDD downlink is described below, see figure 2: The first two steps are identical to the case for TDD and FDD uplink, namely the calculation of DRFmin  and the determination of the physical channels to be allocated to the respective user. 

Next, as one possibility according to [2], the determined DRFmin could be already taken to calculate the amount of rate matching. However, to avoid unnecessary puncturing, first in the next step for DRF the optimum value is calculated using equation (2) now with the sign of equality and the maximal block size Ni,max for each Transport channel, utilising the fact that in general due to the code granularity the offered transmission capacity is higher than the required capacity calculated with DRFmin. 

All steps described so far for FDD downlink must be executed only once at the initial call set-up. Since for FDD-downlink, the DRF-parameter is always a constant to allow simple BRD, in each frame the actual amount of rate matching is simply determined by calculating with formula (4) for all bearers the respective (Ni which is used directly as input for the rate matching algorithm.
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Figure 2: Rate Matching flow chart for FDD downlink

Conclusion

In this paper the procedures for FDD and TDD are described to perform Rate Matching in one step, considering simultaneously the balancing of all Transport Channels as well as continuous transmission for FDD uplink or filling of complete slots for TDD, respectively. Moreover, the presented scheme enables a minimisation of the required transmission capacity on the air interface. 

Although this proposal is well aligned with [2], as an additional feature for FDD downlink the puncturing rate is reduced as much as possible to avoid unnecessary deterioration of the code performance and to distribute the interference more evenly.

Therefore, it is proposed to approve this algorithm as working assumption for both, FDD and TDD.
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