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1. Introduction

In last meeting, two kinds of Node B scheduling methods were discussed. That is, one is a method of restriction to the UE transmit TF and the other is a method of restriction to the UE transmit power [1][2]. In this paper, we propose the strategy of Node B scheduling with transmit power restriction.  

2. Motivations of the transmit power restriction

In the methods of TF subset restriction, it is assumed that Node B directly signals the index of TF of maximum transmit power within allowed TF subset or signals UP/DOWN commands for the index to inform UE of the allowed TF subset. In both cases, UE is allowed to transmit E-DCH data with TF whose transmit power doesn’t exceed the transmit power of the TF controlled by Node B. 

Alternatively, similar scheduling operations can be performed with signaling of the restriction on the transmit power rather than TF subset. In this case, Node B scheduler signals the maximum transmit power to each UE and the UE is allowed to transmit E-DCH data with TF whose transmit power doesn’t exceed the assigned maximum transmit power. It should be noted that actual restriction is not on the absolute transmit power but on the power offset over the DPCCH transmit power since the received power of DPCCH is kept constant by the uplink power control.

First of all, it was agreed in RAN2 discussion that MAC-e entity would inform L1 of beta factor every TTI to support different QoS requirements of a same TF [3]. In this case, scheduler at Node B cannot predict the transmit power of a UE based on TF since the same TF may be transmitted by different power. Therefore, Node B cannot control the uplink RoT by limiting TF to each UE. Considering the main purpose of Node B scheduling in E-DCH is to control the uplink RoT, it is clear that restriction to the transmit power rather than to the TF would be an efficient way.

Another merit of the transmit power restriction is that the Node B scheduler can reflect the other uplink channels as well as E-DPDCH on the uplink scheduling. When Node B scheduler assigns restriction on the TF subset of E-DCH or on the E-DPDCH transmit power only, it should always reserve some amount of uplink RoT for the Rel-5 DPDCH since it cannot predict the uplink resource consumed by DPDCH every TTI. Figure 1 (a) shows the example when the RoT reserved for uplink DPDCH is too large. In such case, Node B scheduler will operate conservatively to E-DCH, which results in a waste of uplink resource. On the other hand, Figure 1(b) shows the example when the reserved RoT for uplink DPDCH is too small. In such case, Node B scheduler will operate aggressively to E-DCH, which results in frequent violation of the target RoT. Therefore, the efficiency of the RoT control will be degraded due to the Rel-5 DPDCH.

If Node B scheduler assigns the restriction on the transmit power, UE may allocate the assigned power to the DPDCH transmission and then, the remaining power to the E-DCH transmission. Figure 1 (c) shows this example. With this operation, the uplink resource can be fully used without waste and the uplink RoT can be controlled more precisely. It should be also noted that the Node B restriction on the transmit power is not applied to the legacy channels, that is, DPDCH and HS-DPCCH.

With a restriction on the total uplink transmit power, Node B scheduler may not be able to predict the exact data rate of a UE transmission, but more accurate uplink RoT control would be possible. Therefore, we prefer the restriction on the total uplink transmit power rather than on the E-DPDCH transmit power only since the purpose of Node B scheduling is efficient control of uplink RoT. Moreover, even with the case of restriction on the E-DPDCH transmit power only, prediction of exact uplink transmit rate of a UE is already impossible since the relationship between transmit power and TF is not one-to-one mapping.
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(a) Example of too large RoT reservation for DPDCH
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(b) Example of too small RoT reservation for DPDCH
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(c) Example of Node B controlled scheduling with transmit power restriction

Figure 1. Illustration of the Node B controlled scheduling with DPDCH

3. Node B controlled scheduling by transmit power restriction
3.1  Detailed strategy for transmit power restriction

In Node B controlled scheduling by transmit power restriction, Node B signals the allowed maximum transmit power to each UE explicitly or by a step-wise manner as in time-and-rate scheduling and rate scheduling discussed so far. Figure 2 shows a possible implementation. After scheduling assignment, UE allocates the transmit power to the legacy channels, and then, UE updates Node B allowed TF subset by selecting TFs that can be transmitted within the remaining Node B allowed transmit power. According to the decision in RAN2, the allowed TF subset may consist of TF-beta factor combinations since one TF may have multiple beta factor values possible. The UE is allowed to transmit by only the  TFs included in that Node B allowed TF subset. UE may use some ordering and mapping function of TFs with regard to the transmit power, anyhow, this function need not be defined in specification since all the explicit procedures are performed in power domain.
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Figure 2. Proposed implementation of the power restriction at UE

3.2  Effects of the transmit power restriction

In general, transmit power restriction will achieve the same goal with TF subset restriction since the basic algorithms of two methods are same and only differences is the way of signaling and interpretation of the scheduling commands. However, method of transmit power restriction will make the downlink scheduling command simpler since it doesn’t depend on the TF configuration but only depends on the transmit power. In addition, all the functions related to TF ordering and mapping to transmit power will not need to be defined in the specification and become implementation issues at UE and Node B.

3.3 Signaling of the transmit power restriction

As in TF subset restriction, two signaling methods of scheduling command can be considered. One is explicit signaling of allowed transmit power level and the other is signaling of differential value from the previous assignment (e.g., UP/DOWN with predefined step). The pros and cons of the two methods are same with those in Node B scheduling by TF subset restriction. 

In case of explicit signaling of allowed transmit power level, signaling of allowed power offset over the uplink DPCCH would be convenient way. In this case, maximum of 32 dB offset would be sufficient considering 6 multicodes on DPDCH or E-DPDCH and 1 HS-DPCCH with maximum power offset, which will results in about 5 bits if 1 dB resolution is assumed.

In addition, maximum allowed scheduling power to each UE may have to be transmitted from RNC to each Node B, by which RNC may restrict the transmit power scheduled to each UE depending on the SHO status or the RoT situation of neighbour cells.

3.4 Transmit power restriction on the HARQ retransmission

Transmission power of retransmit packet may need to be controlled for an efficient power utilization or to handle the case of sudden increase of uplink interference. With Node B scheduling by transmit power restriction, a retransmission power of E-DCH packet can be easily adjusted since the scheduling command assign the transmit power for each packet directly. UE may just use the assigned transmit power as the transmit power in retransmission while keeping the same TF with that of the initial transmission. It may be specified that UE should retransmit a packet by the same power with the initial transmission or with a predefined power offset to the initial transmission power when there is no scheduling assignment to the retransmission timing, so that Node B may need to transmit scheduling assignment for retransmission only when needed.

4. Conclusion

Transmit power restriction is discussed as a method of Node B controlled scheduling for E-DCH. Scheduling transmit power rather than TF subset can improve the uplink RoT control and the uplink resource utilization. It is suggested to employ this method as a Node B controlled scheduling method for E-DCH.
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