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INTRODUCTION

In the last meeting #13 of Hawaii, R2-001033 (Text proposal on reduced data rate allocation in CPCH) has been presented and there were questions about current data rate allocation scheme in CPCH. This contribution shows the scheme where by the UTRAN can assign a lower data rate than that originally requested by the UE. 
This enhanced functionality could be used to support capacity control, load balancing and traffic management in CPCH operation. In addition, the proposed scheme can be artificially used to assign a lower data rate in order to guarantee the total capacity and traffic quality for another UE, and to provide flexible CPCH channel operation. 

Moreover, even in the UE send a signature, which is mapped to the specified data rate(SF), based on maximum available data rate from CSICH, current available maximum data rate may not be properly reflected to the UE. Because CSICH repetition period is 20ms long and information for maximum available data rate is distributed in 20ms period, the UE have to monitor and decode the CSICH for all of 20ms repetition period to recognise maximum available data rate supported in the current cell. 

The proposed enhancements requires that additional IEs associated with reduced data rate assignment, are included to RRC specification which describes the Versatile Channel Assignment. And also, if WG2 approve this proposal as a part of Release ‘00, SAMSUNG will prepare and submit related CRs on 25.302, 25.303 and 25.321 as well as 25.331. 

DISCUSSION

        According to the current CPCH procedure, the UTRAN can not assign the different data rate than that requested originally by the UE at the initial access, because the access preamble signature sent to the UTRAN is pre-mapped to a specific requested data rate(SF), and the CA message contains only an indication of the assigned PCPCH. The UE therefore asks for a specific data rate, and is either assigned a channel having that data rate, or receives a NACK from the UTRAN if the requested data rate is not available. It is however, possible to enhance the management of system capacity and control traffic flow from the UE for load balancing, if the pre-mapped assignment fixed allocation scheme, is changed. Such a change would facilitate the implementation of a dynamic data rate allocation scheme that would enable the UTRAN to assign a different data rate to the UE than that originally requested.
        Figure 1 shows the mapping relationship between access preamble and data rate (SF) assigned by CA message. A UE requesting data transmission on CPCH can at present select one of 16 AP signatures each associated with a specific data rate. Therefore, as shown in figure 2, the number of AP signature can be simply expressed as following equation.

APs_a + APs_b + APs_c + APs_d + APs_e + APs_f + APs_g = 16
However, because 7 different spreading factors (from SF4 to SF256) are supported, 16 access preambles can be grouped to present 7 data rates. For example, one AP signature could be mapped to 1 data rate, or up to 7 data rates. The mapping rule between AP signature and data rate(SF) which is carried by an RRC message, can be decided by the network. The total number of CD preamble(Collision Detection) and CA signature is 32 and 16 CA signatures can be used in the CA message to coincide with each of the number of AP signatures. One SF, therefore, can be mapped to 16 CA messages. 
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Figure 1. The mapping relationship between access preamble and data rate (SF)

Figure 2 shows that a multiple mapping scheme between CA message and data rate can assign the lower data rate than data rate originally requested by the UE.
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Figure 2. Mapping between data rate (SF) and CA message to assign the lower data rate

Assuming a total up-link capacity of 2Mbps, in the case of SF4, two PCPCH channels with each 1Mbps data rate, and in case of SF128, 64 PCPCH channels with 30kbps data rate, can be assigned between UE and UTRAN. The number of the CA message which indicates the specific data rate(SF) depends on SF. Table 1 shows the number of CA messages to be required per the specific SF.

Table 1. The number of CA message can be allocated per SF

Spreading Factor
SF4
SF8
SF16
SF32
SF64
SF128
SF256

The number of CA message
2
4
8
16
16(32)
16(64)
16(128)


As described above, because 16 CA signatures can be allocated to one SF, there will be several unused CA messages for some SFs, for example 14 CA messages for SF4, 12 CA messages for SF8 and 8 CA messages for SF16. That surplus could be used to assign a lower data rate than that originally requested, and reduce the redundancy from a channel allocation point of view. However, in case of SF64, SF128 and SF256 which require more than 16 CA messages, PCPCH channel can be assigned efficiently by 16 CA messages based on the current mapping rule in section 18 of 25.331.  As shown in table 1, the case of SF4, SF8 and SF16 which require less than 16 CA messages can be useful to assign the lower data rate efficiently.


Figure 3 shows dynamic data rate allocation, which can assign a lower data rate than that originally requested, using by the number of thresholds and data rate indicated by the specific threshold. 
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Figure 3. CA message structure for the lower data rate assignment 
For example, if a CA message group in figure 3 presents SF4, CA#1 and CA#2 may be assigned to SF4 and threshold i to threshold j-1 may be assigned to SF8. Thus, SF 16 can be assigned to the UE by threshold j to threshold k-1, etc. To notify these kinds of information to the UE, the number of threshold, index number for the specific SF and minimum SF which is separated and shared with the lower data rate (higher SF), should be carried to the UE using by RRC broadcast message. 

Figure 4 shows simple call flow examples between the UE and UTRAN for CPCH access. As shown in Figure 4, the UTRAN in the current scheme can not assign a lower data rate than that originally requested by the UE. If the UTRAN does not have a maximum available data rate which had been indicated on the CSICH, the UTRAN have to send a NACK to the UE. Because, as described above, CSICH repetition period is 20ms long and there can be possibility that the other UE took a chance of success prior to successful acquisition of the current UE on the CPCH access. Therefor, there can be happened that the UTRAN sends a NACK frequently and the UE send a request again. This kind of procedure can induce interference due to frequent access attempts and increase battery consumption. Moreover, This enhanced functionality could be used to support capacity control, load balancing and traffic management in CPCH operation. In addition, the proposed scheme can be artificially used to assign a lower data rate in order to guarantee the total capacity and traffic quality for another UE, and to provide flexible CPCH channel operation. 

Therefore, dynamic data rate allocation scheme should be incorporated to the current CPCH operation. 
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Figure 4. Current data rate allocation scheme in CPCH access

Figure 5 shows simple call flow examples between the UE and UTRAN for CPCH access. As shown in Figure 5, the UTRAN in the proposed scheme can assign a lower data rate than that originally requested by the UE. If the UTRAN does not have a maximum available data rate which had been indicated on the CSICH, the UTRAN can send an ACK with lower data rate like a pseudo ACK to the UE. Because, as described above, CSICH repetition period is 20ms long and there can be possibility that the other UE took a chance of success prior to successful acquisition of the current UE on the CPCH access. Therefor, there can be happened that the UTRAN sends a pseudo ACK frequently. When the UE receives pseudo ACK with lower data rate than that originally requested by the UE from the UTRAN, the UE needs to decide whether the UE adopt a current data rate allocated by the pseudo ACK or not. If the UE accepts a lower data rate, the UE sends a data using by data rate allocated with pseudo ACK, otherwise the UE rejects the data rate allocated and then can send a request again to the UTRAN. In case of reject, the UE can send Transport Block with zero size to the UTRAN to indicate that current data rate was rejected by the UE. This kind of procedure can provide a dynamic data rate allocation and reduce interference due to frequent access attempts. And also, battery consumption can be decreased. Therefore, dynamic data rate allocation scheme should be incorporated to the current CPCH operation. 
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Figure 5. Proposed data rate allocation scheme
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