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1. Background/Introduction

The High Speed Downlink Packet Access (HSDPA) channel was a significant feature introduced by 3GPP in Rel’5. HSDPA provides up to a five-fold improvement in data spectral efficiency over Rel’99 [1] in the downlink. The Enhanced Dedicated Channel (E-DCH) is a significant feature being introduced in 3GPP Rel’6 that provides similar enhancements in the uplink. The combination of HSDPA and E-DCH provides very efficient, symmetric packet data capabilities in UMTS, particularly for best effort data applications. However, many important applications are real-time and delay sensitive in nature (e.g. VoIP and gaming). 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.

This document proposes the introduction of a HSDPA Mobility Enhancement (HME) feature for the support of real-time, delay sensitive applications such as VoIP over the HSDPA channel. The goal of an HME scheme is to speed up the hard handover procedure for HSDPA. This document outlines one example HME solution that can accomplish the goal of reducing handover latency to accommodate VoIP, however it is recognized that other solutions may exist and could be considered. The example HME scheme given in this document uses Layer-1 signaling through the air interface and Iub/Iur user plane framing protocol to request (UE) and confirm (RNC) the handover to the best cell. It is based on the Fast Cell Selection (FCS) concept that was first proposed in the scope of the HSDPA feasibility study and is making use of signaling capabilities already used for Site Selection Diversity Transmission (SSDT). However, contrary to the original FCS proposal, the primary intent is not to generate macro-diversity gain, but to significantly reduce the delay required to execute an HSDPA Cell Change. The Layer 1 signaling provides advanced notification of the exact handover time given the RNC grants the handover. In this way, the “new” NodeB can prepare for the handover while data traffic is still being sent to the UE on the “old” leg. The example HME scheme also suggests system pre-configurations in the resource management in order to allow fast cell change after the RNC confirms the handover. The example HME scheme is capable of reducing the latency associated with hard handover to < 100 ms. This reduction in handover latency compared to Rel’5/Rel’6 hard handover will benefit all applications, but is particularly critical for maintaining quality during handover for real-time delay sensitive services like VoIP.

2. Market need / benefits

Some of the most compelling applications for wireless data are real-time and delay sensitive in nature. In particular, VoIP is an extremely important application to consider given the recent momentum around VoIP and the benefits that VoIP provides in the efficient support of Simultaneous Voice & Data (SVD) services. Gaming is just one example of an SVD service that wireless operators view as having significant new revenue generating potential for wireless data.

SVD services can be supported in the current 3GPP standards. Radio Access Bearer (RAB) combinations have been defined that combine the R’99 DCH channels for voice with the Rel’5 HSDPA channels for data. Still, there are several advantages that can be offered by an HSDPA technology supporting VoIP.

One advantage of VoIP on HSDPA is that it has potential voice quality benefits compared to VoIP on R’99 DCH channels. This is due to the fast retransmission capabilities of the HSPDA channel which guarantees that nearly all speech frames will be successfully decoded eventually. Through adaptive jitter buffering at the VoIP receiver, it is possible to tradeoff increased delay for improved voice quality for UEs that enter poor RF conditions. Oftentimes, increased delay is a preferable degradation than reduced voice quality, which can lead to muting and even call dropping. Such delay vs. voice quality tradeoffs is not possible with R’99 DCH channels. 

Another advantage of VoIP on HSDPA is that it is the first step towards realizing the long-term vision of an all-IP packet network supporting all voice and data applications. Being able to support all voice and data applications on an all-IP packet network, using HSDPA for instance, can greatly reduces operational expenses by having a single packet voice/data network to engineer as opposed to engineering both a circuit voice and packet data network. 

It should also be recognized that several competitive technologies are aggressively working to support high quality VoIP over efficient packet channels already. 1xEV-DO has introduced several enhancements in Rev. A to support VoIP. Not only does 1xEV-DO Rev. A support an enhanced uplink, but it has also introduced the Data Source Channel (DSC) which defines layer 1 signaling for the support of fast handover. Likewise, the WiMAX technology (through 802.16e) has defined a Fast Base Station Selection (FBSS) feature to support fast handover. The fast handover benefits of the DSC feature in 1xEV-DO and the FBSS feature in WiMAX is exactly the type of fast handover capability that HSDPA is lacking. 

3. HSDPA Handover Delay
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Figure 1. HSDPA Handover Delay with Mixed CQI after Cell Change Event Trigger
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Figure 2. HSDPA Handover Delay with Poor CQI after Cell Change Event Trigger.
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Figure 3. HSDPA Handover Delay with Good CQI after Cell Change Event Trigger.
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Figure 4. HSDPA Handover Delay with HME and Good CQI after Best Cell ID Determination.

4. HSDPA Handover Delay Definition

The total HSDPA handover delay (
[image: image5.wmf]T

) is illustrated in Figures 1-4 and defined in Equationl1.
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The duration between the Cell Change Event Trigger (Event 1D in figures 1-3 above) at the UE and the detection of Event Trigger at the RNC is given by 
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. Following an Event Trigger and prior to the Activation CFN, the CQI for a user may be “good” (for duration 
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) or “poor” (for duration 
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).
 By definition, the good CQI duration 
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 and the poor CQI duration 
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 cannot exceed the total handover time as expressed in Equations 2 and 3.
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Prior to the Activation CFN, the RNC will redirect the UE MAC-d flow from the serving NodeB to the target NodeB; thus, a TX gap (
[image: image14.wmf]D

) may exist.
 Since the RNC will not redirect the MAC-d flow from the serving NodeB to the target NodeBuntil some time after the RNC receives the Event Trigger notification, the maximum value for a TX gap (if one exists) is limited according to Equation 4.
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5. HSDPA Handover Delay Implications

The best user-perceived QoS occurs when the total handover delay, 
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, is equal to 
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. In this case, the MAC-d flow does not incur any error (due to poor CQI) and incurs the least possible delay (due to MAC-d flow redirection from the serving NodeB to the target NodeB). Poor user-perceived QoS is likely when the total handover delay, 
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, is dominated by 
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 and 
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 is influenced primarily by the RAN implementation.2 When the MAC-d flow contains data and 
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 is greater than zero, the MAC-d flow incurs additional delay. When the MAC-d flow contains data and 
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 is greater than zero, the MAC-d flow incurs service interruption. 
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 is influenced by less controllable factors. Thus, the goal of HME is to reduce the total handover delay, 
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, so that the potential impact of 
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 is also reduced.

6. HSDPA Handover Performance

The HSDPA handover performance is given in Table 1 for three cases: (1) R6, (2) R6 with the CR presented in [3], and (3) with the HME proposal.  The service interruption duration is the time during which data may be lost and is defined as the portion of 
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. The realized delay is the delay incurred by a MAC-d flow due to packet loss or MAC-d flow redirection from the serving NodeB to the target NodeB or the time for UE to reconfigure for the new cell and is defined as 
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The performance considerations are made with the following assumptions:

1. The delay incurred prior to Cell Change Event Trigger is negligible,

2. The jitter incurred prior to Cell Change Event Trigger is negligible, and

3. The delay incurred in the target NodeB (e.g., due to scheduling delay or CQI) after the Activation CFN is negligible.

These assumptions are optimistic but restrict the performance considerations to the period between the UE Event Trigger and the Activation CFN.

For ranges given in Table 1, the minimum values are determined when the CQI is only good (i.e., 
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). The maximum values are determined when the CQI is only poor (i.e.,
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). All values are determined with a TX gap of 20 ms (
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	HSDPA Handover

Performance

	
	Total Delay
	Service Interruption
Duration
	Realized
Delay

	R6
	600-700 ms
	0-680 ms
	20-700 ms

	R6 with CR

In Tdoc R2-050013
	350-450 ms
	0-430 ms
	20-450 ms

	With HME 
	50-100 ms
	0-80 ms
	20-100 ms

	NOTES:
1. In many cases, the realized delay contributes excessively to the end-to-end delay (and even exceeds the maximum acceptable end-to-end delay) for critical real-time services (e.g., VoIP).

2. For multimedia services, increased service interruption will cause a loss in decoder state synchronization for mechanisms such as ROHC, MPEG, and AMR.

Neither the data RAB nor the signaling RAB is required to change during any of the HSDPA handover schemes.


Table 1.  HSDPA Handover Performance.

7 Outline of one solution approach

This section outlines one example HME solution for reducing hard handover latency on HSDPA. The example HME scheme for HSDPA fast handover impacts the following areas; RRC protocol changes to allow configuration of the UE measurements, L-1 signaling through the DPCCH control channel in the air interface, user plane protocol to signal the best cell and for the handover of the Iub/Iur transport, and NBAP/RNSAP protocol changes to allow pre-configuration of NodeBs in the active set.

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 example 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 5 shows the timing diagram for the implicit signaling method of HO confirmation. At the beginning of the Repetition Period 2 in Figure 5, 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 5, the designated Cell then schedule 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 report 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 who 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 5: 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 the 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 in just in advance of the handover time.

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 three major areas of the example 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 example HME feature:

7.1 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 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 example 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-hs 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).

7.2 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 cell selection 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.

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

The example 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)
· Single cast Iub/Iur link with fast handover: 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.

7.4 Implementation in the Standard

A set of preliminary CRs were prepared to evaluate the amount and complexity of the modifications that would be required in the various 3GPP specifications to implement the previous HME solution. These draft CRs are attached to this document for information.

8 References:

[1] The Evolution of UMTS - 3GPP Release 5 and Beyond, 3Gamerica http://www.3gamerica.org/English/index.cfm
[2] R1-040344, "Clarification on the reconfiguration of HSDPA", Panasonic
[3] R2-050013, “Detection of Activation CFN wraparound in the UE during HS-DSCH cell change”, Lucent Technologies.
� Good CQI corresponds to conditions for which a UE MAC-hs can complete a HARQ process, and poor CQI corresponds to conditions for which a UE MAC-hs cannot complete a HARQ process. The boundary between good and bad is primarily a function of the RF environment (e.g., multipath profile), system loading and – to a lesser degree – the specific MAC-hs scheduling algorithm.


� The likelihood and duration of a TX gap is a function of the RNC implementation (i.e., the time at which the MAC-d flow is redirected from the serving NodeB to the target NodeB), the NodeB implementation (flow control request), CQI, system loading, and the specific MAC-hs scheduling algorithm. Also, the timing offset between the DPCH and the HS-PDSCH may contribute to the gap [2]


� � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are correlated values.


� The realized delay can be expressed equivalently as the portion of the handover delay for which the CQI is not good.
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