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1. Introduction

The CRNC is responsible for allocation of codes to the Node-B for HS-PDSCH transmission. In order to enable the CRNC to “intelligently” allocate HS-PDSCH codes to Node-B, an adaptive algorithm should be implemented in the CRNC, so the channelization code resources are optimally shared between HSDPA and Rel’99 channels. To allow implementation of such an algorithm in the CRNC, certain input parameters are required, where some of these parameters must be included in the 3GPP specifications.

At RAN3 #33 it was proposed that the Node-B should be allowed to send a request for more HS-PDSCH codes to the CRNC [1]. However, as argumented at RAN3 #36 [2], the problem with the approach in [1] is that the triggering mechanism used in the Node-B for requesting more HS-PDSCH codes is unknown at the CRNC. This makes it difficult for the CRNC to make a decision on whether it is important that additional HS-PDSCH codes are allocated to the Node-B. 

As an alternative, a “HS-PDSCH code utilization measurement” from the Node-B to the CRNC was propsed in [2]. Given this measurement at the CRNC and the a priori knowledge of the channelization codes allocated to Rel’99 channels, there is a good starting point for designing adaptive HS-PDSCH code allocation algorithms. In Section II we will further discuss the definition of the proposed “HS-PDSCH code utilization measurement”, as well as provide additional motivation for definition of that measurement.

Without definition of a “HS-PDSCH code utilization measurement”, the CRNC may allocate HS-PDSCH codes in coherence with the power used for HSDPA. This is possible by always assuming a certain power per HS-PDSCH code, since the CRNC obtain measurements so the used HSDPA power at the Node-B is known.

The influence on the HSDPA cell capacity/performance depending on whether we have a “HS-PDSCH code utilization measurement” defined is difficult to accurately estimate, since it depends on the exact HS-PDSCH code allocation algorithm at the CRNC. However, definition of a “HS-PDSCH code utilization measurement” will provide more information to the CRNC, which should open for more optimal HS-PDSCH code allocation algorithms in the CRNC. This is considered to be important to allow optimization of scenarios where the cell carry traffic on both HSDPA and Rel’99 DCH.

2. Proposal for HS-PDSCH code utilization measurement

The proposed “HS-PDSCH code utilization measurement” in [2] equals
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where Xim denotes the number of used HS-PDSCH codes during the m-th TTI to the i-th user and I denotes the number of served (code-multiplexed) users in the m-th TTI. The number of HS-PDSCH codes at the Node-B is denoted by N, while M is the number of TTIs over which the measurement is calculated. The parameter Yim expresses equivalent modulation and coding scheme operation point for user i in the m-th TTI. One simple solution is therefore be to have
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where TBSused and TBSmax is the used and maximum transport block size per code, respectively. Hence, if 16QAM is supported by the Node B TBSmax=1920 bits and if only QPSK is supported by the Node B TBSmax=960 bits. The above definition makes sense because the spectral efficiency start to degrade once the transport block size (TBS) per code becomes too large. Allocating more HS-PDSCH codes to the Node-B can reduce the TBS per code. Note that the definition in equation (1) fulfil C([0;1]. 

In order to further motivate and explain the rationale for equation (1), let us consider the sketched relationship between effective througput and experience EbNo at the UE in Figure 1. At low to moderate EbNo’s the effective throughput is increased according to the EbNo by increasing the number of HS-PDSCH multi-codes, while keeping the effective code rate (ECR) at approximately 1/3 using QPSK modulation. Once the maximum number of HS-PDSCH codes is reached, the effective throughput can be increased even further by using a higher ECR and/or a higher order modulation (16QAM). As indicated on Figure 1, the cost per transmitted bit (EbNo) increases more when the ECR is increased or higher order modulation is being used. Notice that for the low to moderate EbNo’s Y is constant while X is in the range [1;N]. For the higher EbNo where all the allowed HS-PDSCH codes are being used for transmission, X=N while Y is increasing according to the number of transmitted bits per multi-code.  
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Figure 1 Sketch of the effective throughput as function of the experienced EbNo at the UE.

From a HS-PDSCH code allocation point of view, it is important for the CRNC to know the Node-B operating point on the curve in Figure 1. It is particularly important to know the operating point relative to the break point on the curve. If the Node-B is operating in the region where the ECR is equal to approximately 1/3 not using all the allocated HS-PDSCH codes, it indicates that the CRNC may allocate less HS-PDSCH codes without reducing the HSDPA cell capacity. On the other hand, if the Node-B is operating on a point to the right of the break point, then it indicates that the HSDPA capacity gain can be increased if more HS-PDSCH are allocated. The break point in Figure 1 corresponds to C(0.20. Hence, if C>>0.2 then the CRNC knows that there is potentially large HSDPA cell capacity gain allocating more HS-PDSCH code, while if for instance C=0.25 then the anticapted gain from allocation of more codes is less.

A simple HS-PDSCH code allocation algorithm based on the “HS-PDSCH code utilization measurement” could therefore be expressed as:


1) Allocate less HS-PDSCH codes if: C<Cmin


2) Allocate more HS-PDSCH codes if: C>Cmax

where Cmin and Cmax are thresholds. Note that when the triggering criteria in 1) or 2) is fulfilled, the CRNC will most likely check the availability of channelization codes with spreading factor 16 before sending a message to the Node-B. The thresholds could also be made a function of the number of unused channelization codes with spreading factor 16 in the cell. More advanced HS-PDSCH code allocation algorithms may use both the “HS-PDSCH code utilization measurement” and power measurements from the Node-B.

3. Conclusion

Nokia is proposing to have a code utilization measurement from the Node-B for the optimal HS-PDSCH code allocation/deallocation in CRNC. Nokia is also happy to hear the suggestions to improve the definition of equation (1).

4. Proposal

If the group agrees on using the proposed code utilization measurement for HSDPA, Nokia is willing to provide necessary CRs. 
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