3GPP TSG-RAN1 Meeting #40bis 
Tdoc (
R1-050324

4-8 April 2005, Beijing, China, 2005

Source:
Lucent Technologies
Title:
Proposal for supporting Real Time services over HSDPA

Agenda item:
8
Document for:
Discussion
1 
Introduction

The WI on Improved support of IMS Realtime Services using HSDPA/HSUPA approved at the last RAN #27.  The objective of the WI is to propose enhancements to support real time services over HSDPA/HSUPA.

One of the areas captured in the WI was on minimizing the service interruption time in case of handover. This document proposes a solution to handle this issue.

2  
Limitations of HSDPA for support of Real Time services

While HSDPA and E-DCH are capable of supporting applications like VoIP and gaming in a spectrally efficient manner (discussed below), these channels did not consider the quality requirements of such applications, particularly from a handover perspective.

The real-time, delay sensitive nature of applications such as VoIP and gaming leads to very robust and timely handover requirements to maintain quality during the handover period. The R’99 Dedicated Channel (DCH) implements Soft Handover (SHO) to accommodate the handover needs of services like voice and gaming. Fortunately, the E-DCH feature also supports SHO (i.e. frame selection) in the uplink and thus should be capable of supporting handover for services like VoIP. However, the HSDPA feature does not support soft handover (i.e. on the HS-DSCH), and thus there is potential quality degradation for services such as VoIP caused by the latency associated with hard handover. Analysis has shown that the delays associated with the hard handover process in Rel’5/Rel’6 HSDPA are excessive (>> 500 ms). The latency associated with layer 3 signaling coupled with the lack of advanced notification of the exact handover time are the key limitations associated with Rel’5/Rel’6 hard handover.

The following section outlines a solution for reducing hard handover latency on HSDPA.

3 
Solution for minimising Service Interruption

At a high level, the solution for HSDPA fast handover works as follows: 

Preconfiguration: Pre-configuration of HS-DSCH on cells (possibly subset) of the active set and configuration of the UE measurements using RRC protocol, pre-configuration of NodeBs in the active set using NBAP/RNSAP signalling

Signalling of the Best Candidate cell: UE using L-1 signaling through the DPCCH control channel in the air interface to signal the best cell to the network, and using user plane protocol over Iub/Iur to signal the best cell to the RNC

Handover Execution: Using Iub/Iur user plane protocol to convey the Handover request to the NodeB and the NodeB using HS-SCCH to convey the acceptance of the cell change request to the UE.

The following text describes each of these steps in more detail:

In order to support the fast HSDPA handover through L-1 signalling, the NodeB/DRNC resources and Iub/Iur links of all cells in the active set to be considered for HME need to be pre-configured and set up in advance of the handover, which allows the RNC to set up the Iub/Iur transport resources for the HS-DSCH in the potential cells. In addition, the RNC would signal to the UE information on the cell IDs to be considered for fast cell selection along with HS-DSCH configuration information associated with them.

The measurement to determine the best cell is a UE internal measurement and similar to the current Event 1D “best cell selection” measurement for the HSDPA handover. The averaging characteristics of the UE measurements should be configurable through RRC signaling at the beginning of an HSDPA session. An offset between the best cell and non-best cells should also be configurable independently through RRC using a hysteresis parameter to minimize ping-pong between NodeBs in the active set.

Once the measurement indicates a change of the best cell, the HME scheme requires the UE to repeatedly report the new best cell ID over a pre-defined time interval (preconfigured through RRC signaling) as the handover request. The time interval of the cell ID is sufficient with low report rate (around 10 – 50 Hz). The temporary cell identification defined in 5.2.1.4.1.1 of TS 25.214 could be re-used as the cell ID for the HME.  The NodeBs then report any requested cell change back to the RNC and the RNC either acknowledges the cell handover or may decide not to acknowledge the handover (e.g. if it receives conflicting reports from multiple NodeBs). The UE will attempt to handover to the new best cell at the end of the pre-defined time interval. If the RNC decides that the UE should perform the handover, the UE would be confirmed of it’s request to handover to the reported new best cell ID through HS-SCCH scheduling (implicitly) on the new cell at the end of the pre-defined time interval. In this way, the NodeBs and RNC are given advanced notification of the exact time at which the UE will handover (if the UE receives the handover confirmation) in order to prepare the radio links and data flow at the new NodeB. During the transition period between the reported best cell change and the completion of the handover, the current serving cell would continue to schedule the service to the UE and to complete all HARQ processes. This will prevent long periods of time of service interruption.

If the network chose to reject the HO request then the RNC will continue to send data through the old cell and the UE will fall back to the old cell.

Figure 1 shows the timing diagram for the implicit signaling method of HO confirmation. At the beginning of the Repetition Period 2 in Figure 1, the UE starts reporting Cell ID B as the Best Cell. All Node Bs detect the change of the Cell ID from the cell A to the cell B as the indication of UE’s handover request. All the Node Bs report the HO request to the RNC. The RNC will respond its HO decision to the Node B using the Iub Framing Proctol and re-direct the MAC-d PDU to the designated Node B.  At the beginning of the Repetition Period 3 in Figure 1, the designated Cell then schedules to the specific UE as the handover response and the UE will monitor two HS-SCCHs from Cell A and two HS-SCCHs from Cell B.  The UE also reports the CQI for the Cell A in odd number of TTI and the CQI for the Cell B in even number of TTI. . After the UE receives the HS-SCCH scheduling from the specific Cell, the UE will report the CQI to the specific Cell which scheduled it. 

In case of the first attempt of the UE’s HO request being denied, the UE will continue re-request the HO to the target cell B.   
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Figure 1: Timing for the Implicit Signaling of HO confirmation

In the Iub/Iur interface, the NodeB and RNC will use user plane signalling to indicate the change of the best cell and to assist the handover of the data transport from RNC ( serving NodeB to RNC ( target NodeB. The NodeB will signal if the UE requests a Best cell different from the current cell to the RNC through new user plane control frames. The RNC will make the HS-DSCH serving cell change decision based upon reports received by all cells and forward the decision to all the pre-configured NodeBs through the user plane framing protocol. If the UE’s request of the best cell change to the target cell is granted by the RNC, the RNC will re-route the MAC-d data flow to the new target cell just in advance of the handover time.

The three major areas of the HME scheme for fast HSDPA handover should be distributed to three RAN working groups. The following summarizes the areas of work expected in each RAN area to support the HME feature:

4 
Work split between different RAN WGs

4.1 
HME for fast HSDPA handover in RAN1

L-1 signaling through DPCCH for the indication of the best cell and the request of the HSDPA handover: The FBI bits in the UL DPCCH slot formats 2, 3, 4, and 5 TS 25.211 and temporary cell ID structure would be used for the UE to report the best cell, thereby requesting handover if the current cell ID is different than the reported best cell ID. Specifically,

· Event-1D type Best Cell Selection measurement called Event HME Trigger as the reference of the HSDPA best cell – the best HSDPA cell is determined by a similar criteria to the Event-1D best cell selection TS 25.331 for the current HSDPA handover. The measurement is a UE internal measurement and is sent to the NodeB. The offset of the current best cell and non-best cells could be set independently through RRC for optimization. 

· Report the change of the best cell ID and request HSDPA handover in advance of the cell handover - The UE would begin reporting the new cell-ID using the FBI bits and request HSDPA handover one repetition period of time (N radio frames) in advance before the actual handover. The CQI report will change to be associated with the new cell at the start of the next repetition period if the handover request is granted by the RNC. The serving NodeB continues scheduling service to the UE up to the handover time (end of the Nth frame), and possibly beyond the handover time in case the RNC denies the handover request. 

· Accumulation of repetitive cell-ID’s during a repetition period and synchronous handover opportunities - The current temperate cell ID through FBI bits defined in tables 3 and 4 of TS 25.214 contains Long, Medium, or Short ID codes to represent up to 8 cells in the active set. The HME scheme will have a long repetition period, proposed to be N-frames and set by L-3 reconfiguration messages at session initiation, where the UE is required to indicate a single best cell ID. The best cell ID will repeat within the repetition period. Reporting of the current serving cell ID would indicate no handover request while reporting of a cell ID other than the current serving cell ID would indicate the request to handover. Such reporting would be sent to all NodeBs currently in the active set. All NodeBs in the active set would accumulate the repetitive cell ID reports to improve the reliability of correct detection of the received cell ID. It is desired to complete the detection of a new cell ID, feedback the new cell ID to the RNC, and receive confirmation from the RNC to perform the handover within the repetition period of N frames at a synchronized opportunity. Thus, the accumulation of the received cell ID would be shorter than the repetition period to allow time for other processes in the handover procedures. This synchronizes the handover operation and allows for the opportunity to pre-configure resources, since the RNC and NodeBs know in advance the exact time at which the UE will handover if the UE’s handover request is granted by the RNC.

Decision notification of handover: The UTRAN makes the final decision of the handover after the L-1 signalling is received from all NodeBs. The notification of the UTRAN decision to the UE could be informed implicitly as follows:

Implicit method through HS-SCCH: If the RNC decides to confirm the handover request (and thus HS-DSCH cell change is required), the RNC signals this to all NodeBs through the Iub/Iur Frame protocol. The Target NodeB will receive the MAC-d data flow where it will then inform the UE of the HS-DSCH data in the new cell through the HS-SCCH once the service is scheduled. If the handover request is not granted by the RNC, the RNC will continue to route the data to the serving NodeB. The serving NodeB would continue scheduling the UE, even after the tentative handover time (i.e. the end of the Nth frame). Thus, the UE needs to monitor two HS-SCCHs in the current serving cell and two HS-SCCHs in the target cell, starting from the next repetition period after the change of the best cell is reported, to accommodate for the successful and failure cases of the handover response. The UE also sends the CQI reports to both NodeBs during this interval. The UE will report the CQI results from both the serving cell and target cell alternatively in every 2-ms TTI starting from the tentative handover time in order to allow either cell as the serving cell to schedule service. The UE will send a CQI report only to the new NodeB once it received scheduled data transmission from the new NodeB (either the target NodeB for the successful handover case or the source NodeB for the failure case).

4.2
System Pre-configuration for HME in RAN2

The HSDPA system information and the Iub/Iur links for all cells in the active set need to be pre-configured in order to quickly respond to the UE L-1 signalling handover request. The pre-configuration is performed by the NBAP and RNSAP protocols towards NodeB cells with radio links on the associated DCH. The pre-configuration of the Iub/Iur link prepares the necessary HS-DSCH resources in the NodeB/DRNC and completes the procedure for the set up of transport network for reporting the change of the best cell. This prepares all target NodeBs to become the HS-DSCH serving cell upon instruction from the RNC through the user plane protocol.  

Multiple HSDPA configurations stored at UE - When a soft handover leg is added, the RNC will signal to the UE the following information:

The cells that the UE should be monitoring for fast HS-DSCH serving cell change along with the associated cell ID to be reported on the FBI bits.

a) The radio channel information (HS-SCCH code numbers, H-RNTI etc) for any new cells to be monitored.

b) The expected MAC-hs TSN reset during cell change.

The UE will store the HS-SCCH in all cells it is commanded to in the active set during the DPCH soft handover. The stored multiple HSDPA configurations will enable the UE to react fast when radio channel conditions change. In addition, all NodeBs considered as candidate cells for HME cell change are configured with HS-DSCH resources, which will enable the NodeB to report to the RNC the best cell indication received in the FBI bits, and to send HS-DSCH data as commanded by the RNC.

Monitor HS-SCCH from both serving and target NodeBs (Synchronous Handover opportunities) – When the implicit handover response is considered, the UE needs to monitor two HS-SCCHs from the current serving cell and two HS-SCCHs from the requested target cell to receive the confirmation of the HSDPA handover as discussed above. The selected two HS-SCCHs in the serving and target cells are pre-configured through L-3 signalling messages. The UE is required to monitor the HS-SCCHs from the serving and target cell for only one repetition period starting from the next repetition period after the change of the best cell ID is first indicated. The UE will report the CQI results from both the serving cell and target cell alternatively in every 2-ms TTI in order to allow either cell as the serving cell to schedule service through HS-DSCH.

4.3 HME for fast handover of the Iub/Iur transport in RAN3

The HME scheme uses the user plane protocol as the L-1 signalling in the UTRAN to indicate the change of the best cell and the request of the HSDPA handover from the NodeBs to the RNC. The user plane protocol is used to receive the acknowledgement of the HSDPA handover request from the RNC to the NodeBs:

· UTRAN pre-configure resources to get ready for the HSDPA serving link handover – The UTRAN will pre-configure Iub, Iur, and all network node process resources at the same time as the DCH enters soft handover. In other words, the Iub and Iur RL Radio link Preparation and transport network set up procedures will be set up in advance of the UE signalling a best cell change. Multiple Iub/Iur MAC-d flows are set up but only the primary cell MAC-d flow link is active at a time. This would not increase the backhaul traffic volume.

· User Plane Signalling for Backhaul (Iub/Iur Frame Protocol for the HSDPA primary cell indication): The proposal is to enhance the Iub/Iur Frame Protocol to have a new control frame containing the indication of the primary cell/non-primary cell during the handover. The UE would already have stored multiple HSDPA configurations and the UTRAN has already set up the Iub/Iur links for the target cells in the active set. Once the NodeBs receive the cell ID through FBI bits that indicate a change of the HSDPA serving cell, all NodeBs would send a new control frame of the UL Iub/Iur Frame protocol to indicate the change. The RNC would make the decision on the handover request and send the acknowledgement of the new serving cell to all NodeBs through a DL Iub Frame Protocol new control frame. The RNC would start sending the data to the new best cell after the RNC resource management function acknowledges the UE’s handover request.

5 Conclusion and proposal

This document proposed one way to minimise the service interruption time in case of handover.  It is proposed to capture sections 2 through 4 (inclusive) of this document in the TR on Improved support of IMS Realtime Services using HSDPA/HSUPA.
�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.  





_1170860212.doc
[image: image1.wmf] 








CQI =A, Cell-ID=B











Repetiti�on Period 1







Repetition Period 2







Odd TTI: CQI=A



Even TTI: CQI=B



Cell ID = B







Serving Cell: A 



Target Cell: B          



UE dual monitoring period 







HO request period







Handover



Successful







t











CQI =A, Cell-ID=B











CQI=B



Cell ID= B











CQI =B, Cell-ID=B











Repetition Period 3







Odd TTI: CQI=A



Even TTI: CQI=B



Cell ID = B







 Handover



Reject during period 3







CQI=A



Cell ID= B







CQI=B



Cell ID= B







Repetition Period 4











CQI =B, Cell-ID=B















CQI =B, Cell-ID=B















Repetition Period 5











CQI =A, Cell-ID=A















CQI =A, Cell-ID=A



































 UE  triggers



HO request







 Node Bs detect UE’s



HO request and send to 



the RNC 







RNC responds



its HO decision







 New serving  Node B schedules the specific UE as the HO response











 HS-SCCH indication from serving cell A







 HS-SCCH indication from serving cell B



























Odd TTI: CQI=A



Even TTI: CQI=B



Cell ID = B















 HS-SCCH indication from serving cell B












