Page 1
Draft prETS 300 ???: Month YYYY


TSG-RAN Working Group 3  meeting #10            TSGR3#10(00)0214
Gothenburg, Sweden,  24-28 January, 2000


Agenda Item:
21.1
Source: 
Samsung Electronics Co.

Title: 
Introduction of Enhanced CPCH using Versatile Channel Assignment 
Document for :
Discussion

1. Introduction

Common Packet Channel (CPCH) has been proposed and adopted as a working assumption for the efficient packet communication over uplink common channels [1, 2]. CPCH was addressed as one of the Release 99 items at RAN#6 and is required to be completed before RAN#7 meeting. 

There have been many discussions related to the CPCH procedure, during which, two CPCH channel allocation methods were proposed:

1. The UE channel selection method 
2. The versatile channel assignment method (VCAM).
In the last RAN2 #10 meeting it was decided that both methods should be adopted, while their usage should be decided by the network [3].

In the UE channel selection method, the UE determines the uplink CPCH channel and UTRAN does not have the ability to schedule the CPCH channel. The UE sends an Acquisition Preamble (AP) using a signature that corresponds to the selected CPCH channel and UTRAN can only send back an ACK or NAK regarding the availability of the CPCH channel that the UE selected. Therefore, it is possible that CPCH resources cannot be assigned even if UTRAN has some available. Using VCAM, the UE sends an AP and UTRAN replies, sending back a Channel Assignment (CA)-AICH with the signature that indicates the available channel to the UE.

In this document the CPCH procedures for the UE channel selection method and the VCAM are presented and discussed for comparison purposes. 
2. CPCH procedure using UE selection method.

The CPCH procedure of UE selection method is shown in Figure 1. According to the working assumption in [1], the characteristics of the CPCH procedure can be summarised as follows:

· The UE determines the CPCH channel, which consists of the uplink scrambling code, uplink channelisation code and downlink DPCCH channelisation code, for burst data transmission, by selecting an AP signature. 

· UTRAN can decide on the ACK or NAK reply according to its resource occupancy status for the requested CPCH resource.

· There is no freedom for UTRAN to manage the CPCH channel resources in the UE selection method.


Figure 1. Current CPCH Procedure
3. Enhanced CPCH procedure using versatile channel assignment method
3.1 CPCH Procedure of versatile channel assignment method

Figure 2 shows the proposed CPCH procedure for VCAM, which can be outlined as follows: 

(1) The UE sends an AP with a signature that is similar to the RACH preamble. In the case of CPCHes with different available data rates, there may be a defined mapping between AP signatures and CPCH data rates.
(2)  Upon detection of the AP that the UE sent, UTRAN decides on the ACK or NAK according to the loading conditions of the reverse link and the UTRAN resource occupancy status. Then, UTRAN sends the ACK/NAK through AP-AICH using specific signatures. UTRAN sends only one ACK for a given AP-AICH.

-
ACK : one or more CPCHes are available and can be assigned to the UE.

- 
NAK : currently no CPCH is available for the UE or the UE has not been selected to have a CPCH channel.

(3)  The UE detects the AP-AICH and does as follows depending on the detected AP-AICH.

· If no signal is detected in the AP-AICH, UE waits a time period (P-P and send the AP preamble again with increased power.

· If NAK is received from the AP-AICH, the UE stops transmission and waits for some time before it begins a new CPCH procedure from  (1).

· If ACK is received from the AP-AICH, the UE continues the CPCH procedure from (4).

(4)  The UE selects a Collision Detection (CD) signature and transmits the CD preamble to the UTRAN.

(5)  UTRAN detects the CD preamble and sends back the CD signature in CD-AICH. At the same time, UTRAN sends the CPCH channel information through the CA-AICH in order to indicate the CPCH channel number for the UE. The channel assignment is sent in a signature form as used in AICH. 

(6)  UE detects the CD/CA-AICH. 

· If the returned CD signature does not match the original one which the UE sent, the UE stops transmission and begins a new CPCH procedure from (1). 

· If the returned CD signature matches the one that was sent in the CD preamble, the UE starts to transmit the burst data through the assigned CPCH channel corresponding to the detected CA signature.

Figure 2  Proposed CPCH Procedure using VCAM

3.2  Main Advantages of the Proposed CPCH Procedure

(1) High Flexibility of channelisation code allocation.

According to the UE selection method, UTRAN can only allocate as many CPCHes as the number of AP signatures available. If there are 16 AP signatures available for CPCH, then only 16 channelisation codes can be allocated in the UE selection method no matter how many uplink scrambling codes are given for CPCH.

Using VCAM for the same example, the maximum number of channelisation code nodes that UTRAN can allocate is 16*16, assuming that there are 16 AP signatures and 16 CA signatures. Detailed explanation is given in the Appendix.

(2) Best Performance.

UTRAN can allocate and control the available resources for CPCH. This scheme maximises the resource usage efficiency. Simulation results show that CPCH performance is optimum when VCAM is used [4], [5], [6]. 
(3) The collision probability is independent of the number of occupied CPCHes

If there is a pre-determined mapping between an AP and a CPCH, then the number of available APs decreases with monitoring as more CPCHes are used. This can increase the collision probability for high load cases (that is, when many CPCHes are used). 

With VCAM, all the preambles can be used irrespective of the number of occupied CPCHes. So, the collision probability is independent of the number of occupied CPCHes and, as the number of occupied CPCHes increases, it becomes lower compared to the UE selection method.

(4)  VCAM can support sharing of access preambles for RACH and CPCH

Sharing access preambles for RACH and CPCH is part of the specifications. With VCAM, the number of signatures available for CPCH can be 4-12. For example, 4 AP signatures can be allocated for CPCH, and 12 AP signatures can be allocated for RACH. In this case using the UE selection method, the system cannot support more than 4 CPCH's, since at least one AP signature is required for a CPCH. This can be a limiting factor for the CPCH operation. But, using VCAM there's high flexibility regarding the number of CPCHes.
4. Conclusions

This contribution assesses the two proposed channel allocation methods for CPCH procedures: the UE selection and the versatile channel assignment. The advantages when the VCAM is used are presented and discussed. During the contention stage UTRAN transmits to the UE a Channel Assignment AICH (CA-AICH) in parallel with the CD-AICH. In this way UTRAN can assign to the UE a CPCH channel by transmitting a signature that is mapped to a CPCH scrambling and channelisation code. With this scheme we can maximise the efficiency of CPCH allocation.
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Appendix 
A.1  Explanation of the flexibility by using OVSF

Some explanations about the flexibility offered by VCAM are presented using the OVSF tree. Figures 3 and 4 show the OVSF tree and the channel usage for the UE selection method and the VCAM, respectively. To simplify the explanation, one scrambling code is used for both cases. Without loss of generality, several scrambling codes for the CPCH can be assigned only if the capacity of the UTRAN is acceptable. 

A.1.1  UE selection method 

Since the UE selection method is based on fixed channel allocation, the channelization codes are fixed as shown in the Figure 3. Using the aforementioned figure as an example, we can see that Channel #1 is allocated to node #1, while other channels are allocated in similar predefined ways. In the Figure used, we represent only 5 channels in order to ease the explanation. The main problem of the UE selection method comes from the predefined rigidity. Let us assume that channels #2 and #3 are occupied. We can easily see that the remaining part, as marked in circles, cannot be assigned to other UE’s. At this time, if a UE requests a given data rate, UTRAN can only send NAK although knows that the resources are enough to assign a channel. As shown in Figure 3, the nodes #3 and #4 cannot be assigned permanently.

A.1.2  VCAM 

Figure 4 represents the flexibility of the proposed VCAM. The AP number indicates only the data rate. In this scheme, UTRAN can assign any channel, providing that the capacity is acceptable, using the remaining part of the OVSF tree. Furthermore, since the CPCH is used for the burst data transmission, VCAM can maintain the maximum throughput, and enables the UTRAN to schedule the capacity flexibly.
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Figure 3. The OVSF tree explanation is illustrated for the UE selection method.
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Figure 4. The OVSF tree explanation is illustrated for VCAM.

A.2  Mapping between signatures and channelisation code
In this section, examples of CPCH using VCAM are considered. The examples given can assess the differences, in view of OVSF and channel mapping flexibility, between the UE channel selection method and the proposed method more easily. In the following paragraphs, it can clearly be seen that the flexible channel assignment has a great flexibility. The relation between the Access Preamble (AP), Channel Assignment (CA) signature numbers, and channel identification numbers (CI) is discussed. For simplicity of the comparison, it is assumed that 7 AP signatures and 16 CA signatures are available.

A.2.1  UE selection method
In Figure 5, the pre-fixed channel allocation is illustrated. The AP #1 is mapped to node #1. From now on, the term of “CI” will be used instead of “node” for easy explanations. Furthermore, the number of AP will mean the signature number of AP. Then, the AP #1 is corresponds to CI #1. The AP #2 is mapped to CI #7, and so on. The mapping relationship is summarised in Table 1. It can clearly be seen that the UE selection method is very rigid. For example, node #5 can never be used even when node #1 is not used. In case of node #17 and node #18, it is clearly shown that they cannot be allocated even when node #7 is not used.

A.2.2  VCAM
As it can be seen in Figure 6, some AP’s are assigned for the same data rate, that is, AP #1 and #2 are assigned to the nodes corresponding to the spreading factor (SF) of 4, while AP #3 and #4 are assigned to the nodes corresponding to SF of 8, and so on. The mapping rules of CI are summarised in Table 2. As we can see from Figure 2 and Table 2, all the nodes can be assigned by using the same amount of signatures (consider the same cases for the UE selection method shown in Figure 1). Now, consider the situation that the node #1 is not used. Since UTRAN knows the status of the resource allocation, it can assign node #5 by sending CA #1 to the UE which requested the SF 8 node using AP #3 or #4. Considering node #17 and node #18, it can be seen that those nodes are free if the node #7 is not used. In case of the nodes #21 through #24 being empty, the nodes #3, #9, and #10 are free, actually other nodes of the sub-tree are free, too. Therefore, VCAM can achieve great flexibility.
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Table 2. CI’s for VCAM
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Figure 5. The OVSF tree for the UE selection method represents the pre-allocated channel.
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Figure 6. The OVSF tree for the VCAM represents the relation between nodes and signatures.
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