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Service Interruption times due to Initial Access for PS Handover

1. Introduction

This paper looks at the mechanisms for initial access in the target cell after handover has been commanded for real-time PS data flows.  It analyses the expected service interruption time for each of the possible call flows identified and proposes a solution.  

The focus is on finding the mechanism with the minimum service interruption time and calculating a lower bound for this delay.  

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 (NACC procedures or equivalent)

· 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 shared PDCH capable of supporting rt TBFs (e.g. ERA proposal [3])

· A RAU procedure can happen in parallel with the data transfer so that the MS does not have to wait for a successful RAU procedure to be completed 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 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 physical channel has been reserved, at least initially, purely for the access (it is therefore referred to as a pseudo-dedicated channel in this paper).  Such a channel can then be turned into a shared PDCH and other users can be moved onto it after the initial access has completed.  

3.1. Option 1 – DL Data sent after 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.  

Figure 1 shows the assumed best-case message exchange sequence before the first possible uplink data block can be transmitted and the first possible downlink data block can be received.  In this proposed message flow it is assumed that the PCU is in the BSC.  

After the MS has received and processed the Handover Command message in the source cell, it starts by sending four consecutive access bursts on the pseudo-dedicated channel.  We have called this message the Packet Handover Access.  In this analysis the PDCH is assumed to start as a pseudo-dedicated channel and then is turned into a shared PDCH (similar to the type described by Ericsson with SACCH channels for measurement reporting) after access is complete.  It is further assumed that no other users are allocated to this resource in order to allow access bursts to be transmitted at any time.  The question of how an MS can be handed over to a shared PDCH with existing users (with real-time PS handover capability) is left for further study.  

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.  

Once the MS has received TA, it is able to send the Handover Complete message in the uplink.  It is assumed here that this message should be sent before any uplink data in order to allow the network to start the process of releasing resources and to change the channel to a PDCH type of operation.  The Handover Complete message is assumed to be sent using RLC/MAC rather than LAPDm on some dedicated signalling channel (FFS).  The use of LAPDm is for further study as it involves setting up the signalling channel via a SABM and UA frame exchange which will add to the service interruption time.  

The first possible opportunity for the network to send the MS a DL data block is immediately after the Handover Complete message.  In this message (or at least this downlink RLC/MAC block) the network can allocate a USF for the MS and the first uplink data packet can be sent in the next uplink RLC/MAC block.  
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Figure 1
Option 1 – DL Data after HO Complete

3.2. Option 2 – DL Data sent before HO Complete

A second variant on the approach described in section 3.1 is also considered.  The message flow for this variant is shown in Figure 2.  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 HO complete message has been received by the BSC. 

The HO Complete message is sent in response to the Packet Physical Information message.  It is assumed that this message is sent on the PDCH 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 HO Complete message.  However, it may be sufficient to include a handover reference number in the Packet Handover Access message.  
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Figure 2
Option 2 – DL Data Before HO Complete

Open Issues

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

· Which channel will the HO Complete Message be sent on: a separate TBF, PACCH or SFACCH?

· What happens if the HO Complete Message is not received correctly? Will it be re-transmitted on a separate TBF for signalling messages or a channel such as PACCH/SFACCH?

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.  

The following table 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 a number of assumptions about the delay components (listed below).  

This scenario assumes that the downlink scheduling can be arranged to give immediate priority to the rt data flow (in both UL and DL directions).  

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

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 Frame
	20 ms
	Assume that the MS moved from the source cell during a frame transmission/reception

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

	4
DL data block
	20ms (Abis) + 5 ms (BTS)
	First possible DL data block is sent immediately after the Handover Complete is received

	5
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 Frame (20ms) + Packet HO Access (20 + 5ms) + PPI message(20ms) + HO Complete (20 + 5 + 20 + 60ms) + DL data to BTS (20 + 5ms ) = 195 ms.  

The service interruption time on the UL is calculated as:

Lost Frame (20ms) + Packet HO Access (20 + 5ms) + PPI message(20ms) + HO Complete (20 + 5 + 20 + 60ms)  + DL data to MS (20 + 5 + 20ms) = 215 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 215 ms.  In the DL case it is only 195ms.  

Table 2 shows the delay components for option 2.  

	Step
	Delay
	Comment

	0
Lost Frame
	20 ms
	Assume that the MS moved from the source cell during a frame transmission/reception

	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
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 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 Frame (20ms) + Packet HO Access (20 + 5ms) + TA/Access (20 + 60ms) + DL data to BTS (20 + 5ms) = 150 ms.  

The service interruption time on the UL is calculated as:

Lost Frame (20ms) + Packet HO Access (20 + 5ms) + TA/Access (20 + 60ms) + DL data to BTS (20 + 5ms) + wait for next RLC/MAC block (20ms) = 170 ms.  

In option 2 the DL service interruption time is reduced to 150 ms.  The UL service interruption time becomes 170 ms.  

3.4. Blind Transmission on Downlink

An option of blind transmission in the target cell has been proposed in [4].  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 (ie prior to receiving timing advance in the Packet Physical Information message). The message flow for this scheme is shown in Figure 3.
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Figure 3
Blind Transmission in target cell

The benefit of this mechanism is:-

· Reduction in interruption time in the downlink

This mechanism may lead to the following problems:-

· The completion of the Handover Access and Physical Information exchange may get delayed due to the BTS transmitting DL data. This may increase the service gap in the UL as data is only transmitted in the UL after the MS has transmitted the Handover Complete. Further there is an increase in chance of Handover Failure due to the mobile failing to synchronise to the network within a defined time.

· DL data may have to be discarded by the BTS in order for the BTS to transmit the Physical Information message.

· 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 Handover Complete.

This mechanism does not benefit the interruption time on the UL as the MS is not allowed to transmit normal bursts on the UL until it has received a valid timing advance.  

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. 

4. Conclusions

In the message flow considered, UL service interruption times of ~215ms and DL interruption times of ~195ms can be achieved with the procedures identified for option 1 due to the MS initial access in a target cell.  For the more optimised procedure of option 2, these delays can be reduced to ~170 ms and ~150 ms respectively.  There may be other contributions to the service interruption time which are not described in this paper.  

Although the figures are estimated and different realisations will have different performance, the best case scenario of option 2 does not allow for anything less than a round trip time to the BSC including PCU processing delay.  Without features such as blind transmission on the DL it is unlikely that these times will be reduced.  Whether the reduced service interruption time due to blind transmission from the BSC is worthwhile is currently an open issue and should be studied further.  

Option 2 is recommended, at least as a working assumption for the feasibility study, of the two message flows.  This is provided that it is acceptable for the BSC to verify that the MS is the one expected to make the access via some form of handover reference contained in the Packet Handover Access message.  
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