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Introduction

Multicode transmission, code division multiplexing and link adaptation are some of the key features that are adopted in HSDPA. Since there is no notion of multicode transmission in OFDM, when comparing the WCDMA with OFDM under the restriction of minimizing the impact on the higher layer protocol and the existing control signaling, one has to find something in OFDM that are equivalent to the muticode transmission and code division multiplexing in WCDMA. The natural choice for the equivalency would be frequency scheduling using OFDMA (Orthogonal Frequency Division Multiple Access). Furthermore, in HSDPA using WCDMA, it is understood that different transmit power can be allocated to different UEs based on the CQI feedbacks. Link adaptation can then be performed based on the power allocated to each UE.  Since each channelization code assigned to a single UE experiences the same fading condition, the transmit power calculated based on the CQI value is applicable to all the channelization codes assigned to the UE in the next multicode transmission. Unfortunately, in an OFDMA system, each frequency block experiences different fading. When assigned multiple frequency blocks, a single CQI value is usually not a very good indication of the overall channel condition across all the blocks for a given UE. This diminishes the gain that can be achieved by adjusting the transmit power based on the channel condition.  In this contribution, we briefly comments on how frequency scheduling may be done with the Rel-5 control channel structure stay intact. We also show how different power allocation can be done in an OFDMA system.

Frequency scheduling in OFDMA system

In order to reuse the Rel-5 HSDPA structure, we suggest that, for each OFDM symbol, the frequency sub-carriers be divided into 16 frequency blocks. Each frequency block consists of a fix number of neighboring sub-carriers and is used as the basic unit for frequency scheduling. UE can be assigned one or multiple frequency blocks for a given TTI depending on the amount of data in the buffer. Multiple UEs can be scheduled during one TTI as defined in Rel-5 HSDPA for WCDMA system. The immediate problem one might face in trying to fit the OFDM into the Rel-5 HSDPA is the quality of the CQI feedback. In an ideal OFDMA system, each UE would send back CQIs for all the sub-carriers. Node B schedules the best UEs for each sub-carriers and jointly optimizes the transmit power and data rate for the next transmission. In Rel-5 HSDPA, UE reports the CQI value with a reporting cycle specified by the upper layer. One way of performing frequency scheduling with the current CQI feedback is following:

1. When a UE first establishes a HSDPA connection, it signals a CQI based on the average of the overall sub-carriers.

2. Based on the CQI, Node B schedules the “best” UEs, assigns one or more non-occupied frequency blocks randomly to the best UEs.

3. The scheduled UEs start to send CQI averaged over the assigned frequency blocks

4. Node B schedules the re-transmission based on the more accurate and specific CQI values.

Figure 1 shows an example of the aforementioned frequency scheduling scheme. In this simple frequency scheduling scheme, once the UE is scheduled for the 1st transmission, the following re-transmissions can only happen in the same frequency blocks as assigned for the 1st transmission. In this case, one may have multiple UEs clustering in the same frequency blocks competing for (re-)transmissions. It would the Node B’s responsibility to balance the load on each frequency block. Node B can, at its own discretion, decide how many frequency blocks to assign to a set UEs. However, the decision will most likely be based the buffer size for scheduled UE during its 1st transmission. 
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Figure 1. A frequency scheduling example

Transmit power allocation using CQI feedback

In a well-designed OFDMA system, each sub-carrier experiences flat fading and is orthogonal to each other. Optimal power allocation for each sub-carrier could have been easily calculated if the channel conditions for each sub-carrier were known at the receiver at the time of transmission. In Rel-5 HSDPA, each UE sends back CQI values periodically to signal its channel condition. Node B can take advantage of such information when performing scheduling.  

At each scheduling instance, Node B schedules the UEs based on some selection criteria such as Max C/I, round robin, or proportional fair. It then computes the required transmit power for each UE based on the most recent CQI feedback. Once the power level is chosen, the modulation and data rate can be selected accordingly.  Figure 2 shows an example of the relationship between the total transmit power, CQI value, and the actual channel response. The transmit power can be determined for the scheduled UEs using the following equations,
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where the summation is over all the frequency blocks; Ptotal  is the total transmit power for data;  Pi is the transmit power for the i-th frequency block. 
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Figure 2. An example of the OFDMA system with 4 UEs in one OFDM symbol

Conclusion

A simple frequency scheduling scheme for the OFDMA system is discussed, which utilizes the Rel-5 HSDPA singaling structure. Power and rate optimization should be done in OFDMA jointly whenever there is feedback information available from the receivers. In current HSDPA, UE computes one CQI and sends it back to the Node B for scheduling. Joint power and rate optimization is important since with optimized power allocation, each sub-carrier can better approach the capacity dictated by the channel condition, and the overall downlink capacity can be maximized. In the proposed joint power and rate optimized multiple access system, Node B optimizes the overall downlink transmission rate, as well as the rate for each scheduled UE, by scheduling one or  multiple UEs, selecting one or multiple blocks of sub-carriers for each UE within one scheduling instance according to the CQI information available at the time of scheduling. After the transmit power is optimized, Node B selects the affordable data rates for each UE according to the allocated power. As a result, UEs that have better CQI values will be given more power to transmit their data while UEs with less preferable channel conditions will be transmitting with less power. The proposed scheme can facilitate the comparison between OFDMA and WCDMA under the current Rel-5 HS-DSCH.
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(1) UE2 sends back CQI over all sub-carriers for initial transmission 
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(3) UE sends back CQI over the assigned frequency blocks for re-transmission









































(4) Node B schedules UE3 for re-transmission
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(2) Node B schedule the “best” UEs and start transmitting
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(1) UE3 sends back CQI over all sub-carriers for initial transmission 
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