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1. Introduction

On the mobility enhancement for Real Time Services over HSDPA, there are currently two concerns:
1) Handover delay. This is a general concern for the real time traffic characteristics, and certainly needs improvement. This issue has been discussed for a few RAN2 meetings now. 

2) Handover message transmission reliability in the serving cell. This issue was raised in the last RAN2#48bis [9]. 

In the paper, we first analyze the second concern, and then go back to the first issue. We believe the first issue is still the fundamental one. 

2. Reliable Transmission of Handover Message from Serving cell
Two questions are to be answered for this issue:
1) Is handover message transmission from the serving cell reliable enough?

2) If not reliable, do we have simple ways to fix it?

The handover message transmission reliability is best analysed by RAN1. However, it is noted that in most existing systems the mobility related messages are transmitted in the serving cell, for example WCDMA, GSM, etc. 
If it is found necessary to further improve the handover message transmission reliability then we should first consider the following simple approaches:
1) Reduce handover message size. Preconfiguration of the UE with the HSDPA related information of each cell in the active set can reduce the message size.

2) Apply the fast MAC-hs repeat transmissions for the handover messages over HSDPA (this could be done regardless of the ACK/NACK status from the UE).

3) Give the highest priority for the handover command message transmission within the Node B scheduler. 
4) Apply the most conservative MCS for the handover message transmission regardless of the CQI feedback from the UE.

Typically, Node B will not be aware that it is transmitting the handover message and therefore will not be able to apply the techniques above to improve transmission reliability. However, this could be resolved if the handover messages are mapped to a particular MAC-d flow configured with appropriate transmission requirements.
3. HSDPA Handover delay analysis and proposals 

It is critical to reduce the handover delay for the real-time service over HSDPA. Similar to [2,3,5,9], we believe that the pre-configuration is one of the major enhancements to reduce the handover delay. Given that, we propose two options. One is a basic enhancement, while the other is a more advanced enhancement. In both methods, it is assumed that both UE and Node Bs are pre-configured with HSDPA related information. 
3.1     Basic Enhancement
The basic enhancement, shown in figure 1, is a simple handover solution based on fast layer 3 signaling (using the UM-RLC). UE reports to the network about the preferred cell using an event 1D measurement report sent via UM-RLC (fast repeats may applied for the reliability). After the RNC’s decision, the handover command to the UE is sent via UM-RLC (SRB1) immediately without waiting for the completeness of the RNC’s re-routing, data switching, Node B’s final configuration, etc. Note that by paralleling the procedures, the delay is reduced. The UE receives the command and changes to the target cell for the data reception.
Downlink SRB1 could be mapped to a separate MAC-d flow in order for the handover commands to be treated appropriately by the Node B and achieve sufficient transmission reliability as discussed in section 2.

In this solution, only minor changes to the specifications are anticipated while allowing the handover delay to be significantly reduced (~110ms).
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Fig.1 Basic Re-Pointing Scheme 

3.2 Advanced Enhancement
First, we need to examine the possible minimum delay for the data packet switching in both Inter-NodeBs and Intra-NodeBs cases, i.e., the minimum delay from the UE’s request for the switching to the first packet transmitted in the target cell.

For the inter-Node B case, shown in figure 2, the delay is at least composed of the following parts:
1) One round trip time between the UE and the RNC; 

2) RNC processing delay 

3) RNC performs the re-routing of the packets;

4) Node B final configuration and the scheduling (can be negligible due to the pre-configuration).


[image: image2]
Fig 2: Inter-Node B case

For the intra-Node B case, since the Iub bearer is already set up, no routing change is required in the RNC. If the Node B can have a function to perform the switching internally (i.e. a fast switching control, FSC), the delay is only composed of the Node B processing delay + Node B switching delay. The FSC switches the MAC-d flows (note that MAC-d flow originated from the RNC is cell specific) from one cell to another cell and perform final-configuration accordingly. Simultaneously, the Node B notifies the RNC about the change of the serving cell for the UE. Finally, the MAC-d flows can be directed to the target cell by the RNC, although it is already being transmitted in the target cell by the Node B’s FSC. The incurred delay is pretty much limited as shown in figure 3.
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Fig 3: Intra-Node B case

Conclusion:

1) Very fast switching is possible to be performed in the intra-Node B case by employing lower layer signaling
2) For the inter-node B case, the achievable minimum delay is comparable with the basic enhancement described in 3.1.

Therefore, for best handover performance, the UE and network may need to differentiate the procedure for the intra-Node B or inter-Node B case. This implies that the UE needs to know whether an active set cell that is preconfigured with HSDPA information belongs to the serving Node B.
For the intra-Node B case, the handover can be completed with lower layer signaling between UE and Node B. This lower layer signaling could be MAC-hs/MAC-e signaling or could be layer 1 signaling, for example, by using unused fields on the DPCCH.
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Fig.4 Intra-Node B cell switching flow 
With this approach the intra-node B handover delay is reduced to around 60ms, which is half of the delay for the basic enhancement. However, the complexity increases and some L1/L2 changes are expected. 
4. Conclusions

Regarding handover message transmission reliability we suggest that a number of simple improvements are possible such as selecting an appropriate MCS, performing MAC-hs repeat transmissions, etc.

For handover delay, to obtain good performance while maintaining simplicity we suggest to adopt a basic enhancement based on using layer 3 signaling and UM-RLC. This enhancement requires minimal specification changes.

Furthermore, if the complexity is considered acceptable, then we propose a more advance enhancement based on lower layer signaling which can be used to achieve best performance for  intra-Node B handovers, while continuing to use basic approach based on layer 3 signaling for inter-Node B handovers.
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