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1.0 Introduction

Fast Cell selection (FCS) has been proposed for HSDPA. Using FCS, the mobile indicates the best cell which should serve it on the downlink, through uplink signaling. Thus while multiple cells may be members of the active set, only one of them transmits at any time, potentially decreasing interference and increasing system capacity. This is similar to the concept of SSDT that is part of R99. However, there are some fundamental differences causing additional requirements that need to be addressed.

2.0 SSDT in R99

In R99 all scheduling is done at the RNC, through the MAC-d and MAC-c/sh entities. SSDT is an optional feature in UTRAN and provides the ability to decrease the forward interference caused by transmitting cells in the active set. Each cell in the active set of the mobile is provided a temporary ID. The UE measures the RSCP of the CPICH of all the cells in the active set and chooses the cell with the highest RSCP. It provides the identity of the selected cell on the uplink DPCCH. The non-selected cells turn off their DL data transmission to this mobile. The non-participation of the non-primary cells in the transmission does not cause any synchronization problem, since the ARQ mechanism and the MAC providing scheduling functionality is resident at the RNC. If the uplink signaling does not reach the chosen cell then the mobile will not receive any DL data transmission. SSDT by itself cannot be used for HSDPA since it is based on centralized scheduling at the RNC. Modifications to SSDT are required in order to leverage the techniques being proposed for HSDPA.

3.0 Fast Cell Selection - Introduction

For HSDPA it is proposed to have scheduling at the Node B. As in SSDT, the mobile selects the best cell for transmitting on the downlink. It is proposed to have Layer 1 signalling (DPCCH) provide information to the cells in the active set (from hereon this shall be referred to as the "eligible set") as to which one is the best cell (the "serving cell") for DL transmission. The serving cell then decides the modulation and coding scheme to be used for the mobile and in addition may code multiplex multiple mobiles within that HSDPA frame. Thus the identities and the number of packets the mobile is served with, is known to this cell only at this point. This leads to a synchronization issue on a subsequent change of serving cell when the new serving cell belongs to another Node B.

3.1 Intra-Node B FCS

One approach to this problem would be to limit the FCS to within a Node B, i.e. FCS is active within the cells of a single Node B. In this case the mobile would be limited to choosing cells of the current serving Node B. Any change in serving cell not in the current Node B, even if it were a member of the active set would require intervention from the RNC. This would occur through a handover mechanism. Handovers in HSDPA is discussed in more detail in section 4. In this case, the issue of synchronization of the queues could be more easily accomplished through communication over the network interfaces. 

3.2 Inter-Node B FCS

In this case the FCS mechanism is permitted over all cells of all Node Bs in the eligible set on a frame-by-frame basis. 

With scheduling at the RNC, there is a single queue at the SRNC and thus the issue of synchronization among the Node Bs in the active set does not arise. This however is not suited to the concepts being introduced for HSDPA since in order to utilize AMC effectively, it is essential to have the latest C/I information for scheduling decisions. With the inherent delay due to the Iub/Iur interfaces this is clearly not possible. In addition the mobile's choice of serving cell also would not be the most accurate. With scheduling moved to the Node B, there is a need for distributed queues if the concept of a non-singular active set (with cell membership spread across multiple Node Bs) is to be retained. Queue management then clearly is important. There are a number of options for management/synchronization of queues among the eligible set.

3.2.1 Queue Management
There are two primary methods for communication to manage the queues:

1. Over the air, with uplink signaling

2. Over the network

Option 1 - Over-The-Air Queue Management: Here we can consider two further options - 

· Frame-by-Frame Update - in this case the outcome of every singular transmission is communicated with the ACK on the uplink. Thus irrespective of the identity of the serving cell remaining constant or not, the uplink signalling channel is used to provide information to every eligible set member of the last transmission.

· Event Based Update (Update on change of serving Node B) - in this case, the state of the queues is communicated only on a FCS event leading to change of serving Node B (i.e. the new "serving cell" belongs to a different Node B than the current one). Thus the frame-by-frame ACK merely acknowledges the correct reception of a frame or lack thereof. Additional signaling is sent on the uplink to indicate the desire of change in serving Node B along with queue states. It will be necessary in this case for the UE to identify the membership of cells with respect to Node Bs in order to trigger the appropriate signaling.

Option 2 - Network-Based Queue Management 

In this case, the state of the queues and the ARQ channels is transmitted to the eligible set members over the network Iub/Iur interfaces. This option however suffers from the obvious limitations due to interface delays.

It is believed that a good reliable mechanism would be a combination of both an over-the-air update and periodical network updates.

In both the above cases, it is important to consider options for the HARQ functionality. Particularly, it is essential to consider whether or not to permit the continuation of a HARQ transmission attempt or abort it on a FCS event.

3.2.2 Impact of inter-node FCS on HARQ

There are a number of options as to how FCS would manifest itself on the HARQ functionality:

· Continue Option- H-ARQ is continued (carried over to the new serving cell) after the FCS. Thus the new serving cell would need to retransmit packets if necessary using the same modulation and coding schemes used in the prior transmissions of the packet. This information then needs to be made available to the new serving cell using the ACK message on the uplink. If the uplink radio path is not of sufficient quality this message could be lost and the chosen serving cell would not then serve the mobile. If the message is received correctly then the newly chosen serving cell would have the necessary information - sequence number, modulation and coding scheme - in order to continue the HARQ attempt.

· Abort Option - All HARQ channels are aborted whenever a new serving cell is chosen. In this case, the newly chosen serving cell merely needs the sequence number of the packet it needs to transmit and if it has received the message indicating the choice of serving cell it would also have this information.

4.0 Handovers in HSDPA

Irrespective of whether FCS is limited to intra-node cells or extended to inter-node cells, it is necessary to have a mechanism for handovers in HSDPA. This would occur as in R99, with the difference that with scheduling at the Node B there is a need to provide information on the queue status to the new Node B. 

Different options are possible for enabling handovers:

· Mobile assisted - In this case the RLC layer in the mobile can provide to the RNC through uplink signaling, the sequence number of the last PDU served along with the Measurement report which may trigger a handover decision at the RNC. The RNC would use this information in filling up the buffer at the new cell. However, there are inherent limitations to this method since there would be a delay between the information provided by the mobile and a subsequent handover message to the mobile. The mobile can potentially be served with many multiple PDUs in the interim period and thus the mobile may well end up being served with duplicate PDUs on handover.

· Node B assisted PDU count - The MAC-HSDPA entity in the serving Node B can provide the HARQ channel status to the RNC on demand. One approach would be for the MAC-HSDPA entity to provide a count of the number of PDUs served and the RLC layer at the RNC would then use this to estimate the sequence number of the last PDU transmitted successfully. However, in the case of n-channel HARQ this leads to problems in sequence number estimation and potentially missing PDUs after handover.

· Node B assisted PDU bitmap - In this approach the serving Node B provides the information to the RNC on demand, in the form of a bitmap. Thus rather than provide the sequence numbers of the PDUs served successfully, the MAC-HSDSCH entity can provide a mapping of the PDUs served successfully starting with the first PDU delivered to it by the upper layers in the RNC. 

· Mobile assisted post-handover - With this mechanism, the mobile provides all the necessary queue synchronization information to the new serving cell once the new serving cell starts DL transmission. There would be therefore a slight delay before the new Node B can start transmitting data on the downlink. In addition, this would require that the MAC-HS-DSCH entity in the UTRAN read RLC sequence number information, breaking the protocol layering rules. 

The Node B assisted bitmap method is believed to be the best approach in terms of obeying protocol layering rules as well as delay. 

In Figure 1, a message flow for the handover mechanism using Node B assisted bitmap method described above is shown.
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5.0 Proposal

It is proposed that the Fast Cell Selection be considered for HSDPA and the relevant text on the various options for FCS and Handovers be incorporated into TR 25.950.
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Figure 1: Message flow for handovers in HSDPA with Node assisted synchronization
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