3GPP TSG GERAN 13
Tdoc 
GP-030171 

San Antonio, Texas
Agenda Item  7.2.5.3.3, 7.1.5.4

3rd - 7th February 2003

Source: Siemens            

                                                                                                 

Further Analysis of Service Interruption times for PS Handover

1. Introduction

This paper analyses the mechanisms for initial access in the target cell after handover has been commanded for conversational PS data flows.  It analyses the expected service interruption time for each of the possible call flows identified to see if performance can meet the expectations of ~150 ms.  

The focus is on finding the mechanism with the minimum service interruption time and calculating a lower bound for this delay.  This paper considers a conversational service on a dedicated PDTCH like channel supporting SACCH for measurement reporting.  

This paper is an updated version of [4] which was presented at GERAN #12bis.  As there was general agreement that option 2 of the initial access procedure (data sent before the PS Handover Complete message) was preferable to option 1 and that the use of blind downlink transmission should be further analysed, these two options are examined in detail.  Also the effect of synchronised networks on service interruption time is further examined.  

The real-time Gb handover procedure analysed in this document is based on that described in the Siemens proposal at the A/Gb workshop in Kista [2].  

2. Assumptions

It is assumed that:

· All resources (physical and logical) have been reserved in the target cell

· The MS has been told about the location of common channels and the assigned PDCH whilst it was in the source cell.  

· The MS has been told about all relevant System Information whilst it was in the source cell.  

· The MS accesses the target cell immediately after it has been told to handover.  

· Uplink and downlink data can be sent/received by the MS as soon as it has established contact in the target cell and received TA information (problems regarding ciphering and compression renegotiation are assumed to be solved for the purpose of this analysis).  

· The Abis interface is synchronous with a 20 ms delay for message transfer.  

· Handover is to a dedicated PDCH capable of supporting real time TBFs with a SACCH for measurement reporting 

· A RAU procedure can happen in parallel with the data transfer, after the handover has been completed, so that the MS does not have to wait for a successful RAU procedure before data transfer can start.  

· Handover is to a cell that is one of the 6 strongest near neighbours and thus the MS knows about the synchronisation on the DL and can receive normal bursts immediately in the target cell.  

· The real time service uses LLC-UM

3. Possible Mechanisms

This section examines two possible approaches to the MS making access in the target cell.  Both basic approaches assume that a handover procedure similar to that for the CS domain (Handover Access followed by Physical Information messages) takes place.  This means that a dedicated channel has been reserved for the access and subsequent data transfer.  This dedicated channel is called a Dedicated PDCH (DPDCH) in this discussion paper.  

In addition the effect of synchronised networks is examined for both approaches where the exchange of Handover Access and Physical Information is not required as the TA can be allocated in advance.  

3.1. Option 1 – DL Data sent before PS HO Complete

In this approach, the MS has been given all the information about the reserved resources in the target cell (the physical channel assigned to the MS, the TFIs and USFs to use etc.).  It is also assumed that information such as the MS Radio Access Capabilities has been transferred to the target BSS before the MS makes an access in the target cell.  

3.1.1. Option 1 Call Flow

The message flow for this variant is shown in Figure 1 where it is assumed that the PCU is in the BSC.  The MS starts by sending PS Handover Access messages as access bursts to the network.  As there is no contention, it is assumed that the network receives one of the access bursts.  The access bursts may contain some form of handover reference such as the lower bits of the MS TLLI or a reference number allocated by the source BSS for verification purposes.  This is similar to the Handover Reference in the CS handover case.  

The BTS receives this message and detects that the MS has now made access in the target cell.  It sends some form of message (we assume that the MS has been told all the information about resources in the target cell when it was in the source cell) to the MS.  The main purpose of this message is to give the Timing Advance information to the MS.  In this case a message similar to the Physical Information message defined for CS handover can be used.  It is called the Packet Physical Information message in this paper.  

In this case we assume that the BSC may start sending DL data as soon as it is aware of the MS making access in the target cell.  The earliest point at which this can occur is when the BSC receives the access burst information and the TA calculated by the BTS.  Thus DL data is sent to the MS before the PS Handover Complete message has been received by the BSC. 

The PS Handover Complete message is sent in response to the Packet Physical Information message.  It is assumed that this message is sent on the DPDCH in a valid block using RLC/MAC and that it is not scheduled via USF.  

It is also assumed that the first DL Data Block will contain a USF to schedule the first UL data block as normal PDCH mechanisms (BSS in control of scheduling multiple TBFs) apply.  

An open question here is whether the BSS should be able to send DL data before it has had a chance to verify that the MS is the one that it expects.  Some form of identifier (e.g. G-RNTI) can be embedded in the PS Handover Complete message.  However, it may be sufficient to include a handover reference number in the Packet Handover Access message.  
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Figure 1
Option 1 – DL Data after MS contacts network

3.1.2. Option 1 - Synchronised Networks Call Flow

In the case of synchronous networks it is possible for the network to convey information to the MS about the TA in the target cell before it moves from the source cell.  This information is passed to the mobile in the PS Handover Command (in the same manner as in the Handover Command in the CS case).  

Figure 2 shows the call flow in the case of synchronous networks.  In this case it is possible for the MS to start transmitting and receiving messages as soon as it switches to the target cell.  Although it is still an option for the MS to use access bursts to identify its presence to the network, we assume here that this is not required.  

The first message sent in the uplink is the PS Handover Complete message.  As blind transmission in the downlink is not being used in this scenario, the BSC must wait until a message is received before transmitting data in the downlink.  

This would mean that the MS cannot send the first uplink data block until it receives the USF in the first downlink data block.  However it would be possible for the network to schedule some dummy data blocks with USF for the uplink to reduce the service interruption time.  This option is not considered here as it makes no sense without sending real data blocks in the downlink, which is to say blind transmission.  
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Figure 2
Option 1 – DL Data after MS contacts network, Synchronous Networks

3.1.3. Open Issues

· Does the BSC need to verify that it is the correct MS before sending DL data?

· Which channel will the PS Handover Complete Message be sent on: a separate TBF or PACCH?

3.2. Option 2 - Blind Transmission on Downlink

An option of blind transmission in the target cell has been proposed in [3].  This mechanism aims at minimising the interruption time on the downlink following handover.  The target BSC starts transmitting DL data on the newly reserved resources in the target cell before the MS has synchronised with this cell (i.e. prior to receiving timing advance in the Packet Physical Information message).  The message flow for this scheme is shown in Figure 3.

3.2.1. Option 2 Call Flow
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Figure 3
Option 2 - Blind Transmission in target cell

As we assume that the BTS handles the allocation of TA and the sending of the Packet Physical information, any downlink data blocks sent from the BSC at the same time as the Packet Physical Information is sent will be over ridden by the BTS sending the Packet Physical Information message.  In general the first possible downlink data block is received by the MS after the Packet Physical Information message.  Note that if the timing relationship is correct it may be possible to receive DL data at the same time that the Packet Handover Access messages are being sent in the UL, however this case is not considered here.  

The PS Handover Complete message can be sent at the same time as the DL data block is being received and the first UL data block can be sent immediately afterwards.  

The benefit of this mechanism is:-

· Reduction in interruption time in the downlink

This mechanism may lead to the following problems:-

· DL data may have to be discarded by the BTS in order for the BTS to transmit the Packet Physical Information message (although this will only be one radio block).  

· The MS has to enable its transmitter and receiver for normal operation before synchronising to the network.

· If the network polls the MS for a response in the DL data this may delay the sending of the PS Handover Complete. 

This mechanism benefits the interruption time on the UL as the first opportunity to send an UL data block is after the reception of the first DL data block.  As this message flow does not require a round trip time a certain degree of speed-up compared with option 1 can be expected.  

It is an open issue as to how the mobile station should respond when it receives DL data which polls for a response prior to the mobile synchronising with the BTS. 

3.2.2. Option 2 – Synchronised Network Call Flow

In the case of blind transmission with synchronous networks, downlink data can be sent at the earliest opportunity.  This is similar to the case for blind transmission without synchronous networks.  However, uplink data transfer is also sped-up as shown in the call flow of Figure 4.  
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Figure 4
Option 2 – Blind Transmission in target cell, Synchronous Networks

In this case uplink data can be sent in the block following the reception of the first downlink data block.  This will probably be in the block following the one containing the PS Handover Complete message.  This case is probably the most optimum in terms of delay.  

3.3. Delay Estimation

The service interruption time is defined here as the time between the expected transmission/reception of the next packet and the actual time of transmission/reception.  Thus for the DL, it is the time between the expected arrival of the first bit of the next frame without handover compared with the actual arrival of the first bit of the next DL frame after handover.  

Table 1 describes the delay estimation for the service interruption time due to the MS access procedure in the target cell only.  This is a fastest theoretical case with what are believed to be a number of realistic assumptions about the delay components (listed below).  

This scenario assumes that the downlink scheduling can be arranged to give immediate priority to the real time data flow.  

Differential delays in the CN and RAN due to packets taking different paths through the network are not considered in this analysis.  The following assumptions are made about the delay components in the system.  

· A conversational service is being carried with one packet every 20ms

· A 20 ms delay is incurred on the Um interface 

· The Abis interface is a synchronous interface sending packets of information every 20ms.  

· The BTS takes 5 ms to process messages

· The BSC (including PCU) takes 20 ms uplink plus 20 ms processing plus 20 ms DL to turn around messages

By adopting these figures, the total round trip time from MS to PCU and back to the MS is 150 ms.  

In the delay calculations below it is assumed that the movement of the MS from the source cell is not synchronised with speech frame boundaries and therefore it is likely that one speech frame will be lost as it would only be party received.  In addition, the point at which the MS makes an access in the target cell will not be synchronised to the block structure on the DPDCH.  On average this second delay will be 10 ms (half a speech frame).  These two delays have been put together as step 0 “lost frames” in the following calculations and given a value of 30 ms.  

3.3.1. Delay Calculations for Options 1 and 2

Based on these figures the service interruption time due to the message flow of Figure 1 is calculated in Table 1 below.  

	Step
	Delay
	Comment

	0
Lost Frames
	30 ms
	Assume that the MS moved from the source cell during a frame transmission/reception and an average of 0.5 frames due to non-synchronisation in the target cell

	1
Packet Handover Access
	20ms (Um) + 5ms (BTS)
	Assumes 4 access bursts and that the BTS handles these directly

	2
TA + Access Burst
	20 ms (Abis)
	BSC now informed of access

	3
Packet Physical Information
	20ms (Um)
	This could be any message with TA.  Assumed to be a Packet Physical Info from BTS.

	4
DL data block
	20ms (Um) + 5ms (BTS) + 20ms (Abis) + 60ms (BSC delay)
	First possible DL data block is sent immediately after the TA + access burst is received

	5
PS Handover Complete
	20ms (Um) + 5ms (BTS) + 20ms (Abis)
	RLC/MAC message to BSC

	6
UL data block
	20ms (Um) 
	First possible UL data block sent after receiving the USF in DL data block


Table 1

Delay Components for MS Access in Target Cell – Option 1

The delay is measured to the first bit arriving at the MS (DL) or being sent from the MS (UL).  The service interruption time on the DL is calculated in the following equation:

Lost Frames (30ms) + Packet HO Access (20 + 5ms) + TA/Access (20 + 60ms) + DL data to BTS (20 + 5ms) = 160 ms.  

The service interruption time on the UL is calculated as:

Lost Frames (30ms) + Packet HO Access (20 + 5ms) + TA/Access (20 + 60ms) + DL data to BTS (20 + 5ms) + wait for next RLC/MAC block (20ms) = 180 ms.  

The minimum service interruption time purely due to the MS access in the target cell that is estimated with option 1 for the uplink is 180 ms.  In the DL case it is only 160 ms.  

Table 2 shows the delay components for option 2 shown in Figure 3.  

	Step
	Delay
	Comment

	0
Lost Frames
	30 ms
	Assume that the MS moved from the source cell during a frame transmission/reception and an average of 0.5 frames due to non-synchronisation in the target cell

	1
Packet Handover Access
	20ms (Um) + 5ms (BTS)
	Assumes 4 access bursts and that the BTS handles these directly

	2
Packet Physical Information
	20ms (Um)
	This could be any message with TA.  Assumed to be a Packet Physical Info from BTS.

	3
DL data block
	20ms (Um)
	First possible DL data block is sent straight after the PPI

	4
PS Handover Complete
	20ms (Um) + 5ms (BTS) + 20ms (Abis)
	RLC/MAC message to BSC

	5
UL data block
	20ms (Um) 
	First possible UL data block sent after PS Handover Complete


Table 2

Delay Components for MS Access in Target Cell – Option 2

The service interruption time on the DL is calculated in the following equation:

Lost Frames (30ms) + Packet HO Access (20 + 5ms) + Packet Physical Info (20 ms) = 75 ms.  

The service interruption time on the UL is calculated as:

Lost Frames (30ms) + Packet HO Access (20 + 5ms) + Packet Physical Info (20 ms) + PS Handover Complete (20 ms) = 95 ms.  

In option 2 the DL service interruption time is reduced to 75 ms.  The UL service interruption time becomes 95 ms.  

3.3.2. Delay Calculations for Options 1 and 2 with network Synchronisation

In the case of the call flow for synchronous networks with option 1, as shown in Figure 2, Table 3 shows the delay components used to calculate the UL and DL service interruption times.  

We assume that the type of synchronised network is such that the TDMA frame numbers are not synchronised between cells and that the lost frames delay is still 30 ms.  

	Step
	Delay
	Comment

	0
Lost Frames
	30 ms
	Assume that the MS moved from the source cell during a frame transmission/reception and an average of 0.5 frames due to non-synchronisation in the target cell

	1
PS Handover Complete
	20ms (Um) + 5ms (BTS) + 20ms (Abis) + 60ms (BSC delay)
	RLC/MAC message to BSC

	2
DL data block
	20ms (Um) + 5ms (BTS) + 20ms (Abis) 
	First possible DL data block is sent straight after reception of the PS Handover Complete

	3
UL data block
	20ms (Um) 
	First possible UL data block sent after DL data block received


Table 3

Delay Components for MS Access in Target Cell – Option 1, Synchronous Networks

The service interruption time on the DL is calculated in the following equation:

Lost Frame (30ms) + PS Handover Complete (20 + 5 + 20 + 60ms) + DL data to BTS (20 + 5ms) = 160 ms.  

The service interruption time on the UL is calculated as:

Lost Frame (30ms) + PS Handover Complete (20 + 5 + 20 + 60ms) + DL data to BTS (20 + 5 ms) + wait for next RLC/MAC block (20ms) = 180 ms.  

In option 1, when network synchronisation is considered, the DL service interruption time becomes 160 ms.  The UL service interruption time requires another 20 ms and is thus 180 ms.  There is therefore no advantage to adopting network synchronisation for this scenario as the same kind of round trip delay via the PCU in the BSC is incurred in both call flows.  

In the case of blind transmission with network synchronisation, Table 4 shows the delay components to consider.  Note that the delay for sending the PS Handover Complete does not have any impact on the service interruption time in this case.  

	Step
	Delay
	Comment

	0
Lost Frames
	30 ms
	Assume that the MS moved from the source cell during a frame transmission/reception and an average of 0.5 frames due to non-synchronisation in the target cell

	1
PS Handover Complete
	20ms (Um) + 5ms (BTS) + 20ms (Abis) + 60ms (BSC delay)
	RLC/MAC message to BSC

(This does not have an impact on the delay as DL data blocks are being sent already)

	2
DL data block
	20ms (Um) + 5ms (BTS) + 20ms (Abis) 
	First possible DL data block is received as soon as the MS starts to listen to the DL

	3
UL data block
	20ms (Um) 
	First possible UL data block sent after DL data block is received


Table 4

Delay Components for MS Access in Target Cell – Option 2, Synchronous Networks

The service interruption time on the DL is calculated in the following equation:

Lost Frame (30ms) = 30 ms.  

The service interruption time on the UL is calculated as:

Lost Frame (30ms) +wait for next RLC/MAC block (20ms) = 50 ms.  

In option 2, when network synchronisation is considered, the DL service interruption time becomes 30 ms as the MS simply receives the next speech frame.  The UL service interruption time requires another 20 ms and is thus 50 ms.  This scenario represents the most optimal in terms of service interruption time.  

4. Conclusions

Table 5 summarises the estimated service interruption times for the four options identified in the paper.  Option 1 (with or without synchronised network support) still relies on a round trip time between the MS and the PCU whereas option 2 (with or without synchronised network support) provides much better performance, as the arrival of DL blocks at the MS does not rely on a round trip delay.  Option 2 with synchronised networks provides an almost ideal performance.  

	PS Handover Option
	Uplink service interruption time
	Downlink Service Interruption time

	Option 1 - DL Data sent before PS HO Complete
	180 ms
	160 ms

	Option 2 - DL Blind Transmission
	95 ms
	75 ms

	Option 1 + synchronised networks
	180 ms
	160 ms

	Option 2 + synchronised networks
	50 ms
	30 ms


Table 5
Summary of estimated Service Interruption Times

There may be other contributions to the service interruption time such as differential delays in the two network paths due to bi-casting in the SGSN or BSC which are not taken into account in this paper.  

These basic service interruption times show that it is possible to meet the target of ~150ms set in the feasibility study for PS Handover if blind transmission is adopted in the target cell.  

Further optimisation of the UL service interruption time (20 ms reduction) can be achieved if the mobile is allowed to schedule data flows without the need for a USF.  
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