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1.
Introduction
This document aims at summarizing the different HS-DSCH mobility procedure alternatives and to start a discussion on the possibility of adopting physical layer signaling for the purpose of Intra Node B handover.

2.
Background

In release ’99 all the mobility procedures are triggered by higher layer signaling (except for the special case of SSDT). For example the addition of a dedicated radio-link in diversity reception is triggered by the reception of a measurement report at the serving RNC. The latter then signals the relevant Node B to initiate the transmission and then sends the Active Set Update message to the UE. This procedure requires four messages to go up and down the Iub, two of which are sent over the air in acknowledged mode, with the need for the acknowledgments to go all the way back to/from the serving RNC. When the controlling RNC is different from the serving RNC, the Iur delays need to be added each time. If a bad fade occurs before the new radio link can be added, the connection is dropped. Therefore there is a clear benefit to completing this procedure as quickly as possible.

The HS-PDSCH is a downlink only physical channel, whose resources are allocated to a given user at a time. It is always associated to some form of downlink and uplink dedicated channels, for which the mobility procedures are exactly the same as for release ’99 dedicated channels. The HS-PDSCH frame was chosen to be very short (2ms) in order to allow the adaptation of the modulation and coding to the channel conditions. Applying soft handover would require extremely tight timing to provide the scheduling decision to all the Node Bs in the active set. Therefore, there can only be one HS-PDSCH link per UE. 

In addition to the link adaptation, the HS-DSCH allows re-transmissions to be generated at the Node B (HARQ), in the MAC-hs sub-layer. During handover, it is necessary to somehow handle this HARQ context.

3.
Impact of long handover delay on HS-PDSCH

Even though there is no risk of dropping the HS-PDSCH channel (it is a shared channel that is not always allocated to a given user anyway) there are still reasons why a long handover delay would impact performance. During the time of the signaling exchange (see [1]) that is necessary to perform a handover using higher layer signalling, the UE cannot be scheduled for transmission. Also, the need to reset the HARQ buffers results in either further delays (AM) or loss of data (UM). 

In the case of dedicated channels, it is better for the connection to add new radio links as early as possible (though there is a certain penalty from the system capacity point of view). In the case of HS-PDSCH channels, if the handover is triggered early then the channel conditions may have changed back by the time the handover is complete. The likelihood of this happening is all the higher that the handover delay is longer. This would result in a continuous ping-ponging between cells during which it is not possible to schedule the user.

It is therefore necessary to use large hysteresis values in order to guaranty that once a handover occurs the new radio link is better enough than the old one, so that the risk of trying to handover back is very low. The longer the handover delay the larger the hysteresis values which are needed to eliminate the ping-ponging effect.

The result of this kind of configuration is that the mobile could remain on the weaker radio link for a long period of time thus maintaining a weaker geometry than what it might otherwise experience.

4.
Fast cell-site selection (FCS)

One solution to the problem of long handover delays that had been considered early on was that of fast cell-site selection. In this scheme, the mobile is allowed to indicate on a per HS TTI basis which radio link it is receiving the best signal from and expect to receive data from that cell during the next transmission. The purpose of this scheme was to perform the handover fast enough to follow the fast fading from the two cells and select the best one at any given time. However, the complexity of synchronizing the MAC-hs contexts in all the cells in the active sets seemed prohibitive. This scheme is still being considered for later releases.

5. Proposed solution

Higher layer signaling requires too much time because the signaling needs to reach all the way to the serving RNC. This is probably not too significant in the case of Inter-Node B handover, since in that case the configuration of the new Node-B will anyway require the mediation of the serving RNC. However, in the case of intra-Node B handover there is no reason why the serving RNC would be involved.

We propose that physical layer signaling be used by the mobile to indicate the radio link from which it is receiving the best signal to noise ratio. This information could be transmitted using the FBI bits (SSDT is not supposed to be configured for HS-PDSCH – see [2]). Just one FBI bit per slot would give 15 bits in a frame, which is more than enough to indicate any one of eight cells with good reliability. The following guidelines would have to be followed by the mobile:

1. The UE continuously indicates the cell on which it wants to receive data from.

2. The channel quality feedback values should correspond to the cell indicated in the previous frame.

3. Cell switching is only allowed between cells in the same Node B.

4. Cell switching is only allowed after a fixed time from the last cell switching. This fixed time is linked to the time that it takes for the intra-Node B handover to take place in the network has elapsed. It could be signaled during inter-Node B handover.

6.
Conclusion

What is proposed here is a method for reducing the Intra-Node B handover delay and through that improve the average geometry of users in handover areas, for which the average data rate that can be achieved is already low. It uses existing physical layer signaling and introduces minimal additional complexity in either the mobile or the network.
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