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PS Service Interruption Estimations for DTM Operation 

1. Introduction

This paper analyses the service interruption time for PS domain sessions caused by CS domain procedures in the current (Rel-5) DTM operational mode.  

The CS domain events analysed in the paper are:

· Establishment of a CS call during a PS session

· Release of a CS call during a PS session

· Cell change due to CS mobility during a PS session

For each of these three scenarios, an estimation of the service interruption time is provided.  In the case of the cell change scenario, the service interruption time is compared with cell reselection for a GPRS service with Rel-5 NACC procedures.  

2. Service Interruption Calculations

In order to put a concrete example into the estimates of service interruption time, a video streaming service using 3.5 downlink timeslots has been chosen as the PS service in question.  This was chosen as the practical maximum capability for a Rel-5 DTM handset.  Multislot class 8 (or class 11) is the highest supported class, which provides 5 timeslots split between transmit and receive.  Assuming half an UL and half a DL timeslot is used for the CS call and half an UL timeslot for the PS session, this leaves 3.5 DL timeslots for the PS streaming session. 

This is almost consistent with the assumptions in [3] where a 4 DL timeslot streaming session was assumed.  However, the spreadsheets showing how the service interruption time is calculated are parameterised so that variables such as the number of downlink slots can be changed to investigate what-if scenarios and different assumptions about each delay component can be investigated.  

It is necessary to define some of the key parameters and chose fixed values for them in order to arrive at an estimation of the PS service outage (interruption time) caused by the Rel-5 DTM procedures.  

In general the service interruption times are realistic best-case times.  Best case refers to the situation where there is no resource contention and no significant queuing delays for messages on any given transmission link.  Realistic means that assumptions such as cells without PBCCH that use frequency hopping are considered.  However, the delays are likely to be closer to a best case value than a worst case one.  

The key assumptions and parameters are listed below along with some definitions.  

· Error free physical links

No retransmission is considered.  

· No blocking waiting for resources

RACH access succeeds on first attempt.  Signalling messages are not queued behind other messages.  

· Best case typical scenarios are considered 

For example where BCCH SI must be acquired an average delay is considered.  It is considered more likely that the cell uses frequency hopping so acquisition of SI1 is required. 

· Release 5 procedures are applied (existing definition of functionality in Rel-5)

· Delay figures

· Processing time for major network nodes (e.g. BSC with PCU and SGSN) is estimated at 10 ms

· Where the PCU is involved a further 20 ms buffering delay is taken into account.  

· Abis is considered as slotted with 20 ms slots

· Radio interface is assumed to be 20 ms per CS-1 message

· MS Reaction time – time taken to respond to new resource assignment and be ready to send/receive data is assumed to be 60 ms.  

· The A interface and Gb interface are assumed to add another 5 ms of transport delay.  

· Channel coding taken to be CS-1 unless otherwise stated.  

· LLC PDU for streaming is considered as an average size of 500 octets as assumed in the streaming TR.  

It should be noted that the service interruption times are in general optimistic and several factors could increase the values calculated in this document.  

2.1. Establishment of a CS call during a PS session

The call flow for the current DTM procedures is shown in Figure 1, which is taken from [2].  The procedure shows how the PS session is first aborted, the CS connection is established and then the DTM Request procedure is used to re-establish the PS session.  The service interruption time for the PS session is indicated in the figure and the detailed delay estimation is given in the embedded spreadsheet.  

The key assumptions made for this scenario are as follows:

· The PS sessions only contains one TBF for UL and one for DL as we are considering Rel-5 DTM.  

· The PFCs for the downlink and uplink do not need to be downloaded from the SGSN when the session is re-established after the CS call is established.  

· The PS session considered is video streaming using a 3.5 time slot downlink channel.  

· The channel allocated in the Immediate Assignment is an SDCCH signalling channel.  

· The CS resources need to be re-assigned in order for the PS resources to be in the appropriate timeslot, hence the DTM Assignment command.  

· The MS is a dual mode handset and has to send the UTRAN CLASSMARK CHANGE message after the CLASSMARK CHANGE message and before the DTM Request.  

· The DTM Request procedure can occur before (in parallel with) the CS authentication procedure.  

· The radio resources are available without having to rearrange the time slot allocation in order to get adjacent time slots for the DTM configuration.  
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Figure 1
Rel-5 Procedure for CS Call Establishment During PS Session

The delay estimation for the PS service interruption time due to CS call establishment is included in the embedded spreadsheet included below.  The estimated outage time is 1330 ms.  
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2.2. Release of a CS call during a PS session

The call flow for the current DTM procedure for the release of a CS call during a parallel PS session is shown in Figure 2.  In this case, the MS must abandon the PS resources and establish new ones after the release of the CS call.  In order to speed up the process, the current DTM procedures allow for the reception of most of the SI13 information (via the PSI14 message) whilst the mobile is in DTM.  

The key assumptions made for this scenario are as follows:

· The PS sessions only contains one TBF for UL and one for DL as we are considering Rel-5 DTM.  

· The PS session considered is video streaming using a 3.5 time slot downlink channel.  

· The PS session continues during the CS call.  

· There is no PBCCH in the cell therefore request for TBF is via RACH.  

· The PSI14 message has been sent to the MS whilst it was in DTM and therefore it knows the location of the BCCH.  

· The RR connection is released within 30 s of last receiving the PSI14 message and therefore SI13 does not need to be acquired as described in [2].  

· Frequency hopping is required in the cell and therefore the SI1 message must be decoded.  

· The cell supports Packet SI Status message and therefore only needs to acquire the SI3, SI13 and, if present, SI1 messages before attempting packet access.  
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Figure 2
Rel-5 Procedure for CS Call Release During PS Session

The delay estimation for the PS service interruption time is included in the embedded spreadsheet included below.  The estimated outage time is 1430 ms.  
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2.3. Cell change due to CS mobility during a PS session

Figure 3 shows the internal handover case (intra-BSS handover) for the Rel-5 DTM procedures as described in [2].  It shows the PS session being aborted in the source cell when the Handover Command is received, access being made in the CS domain and the RR signalling link established, the DTM procedures for requesting and assignment of resources and finally the re-establishment of the packet session including the cell update procedure.  

The assumptions made for this scenario are as follows:

· The PS sessions only contains one TBF for UL and one for DL as we are considering Rel-5 DTM.  

· The cell change is internal to a BSC and does not involve the Routing Area Update procedure, but does include the cell update procedure.  

· The PS session considered is video streaming using a 3.5 slot downlink channel.  

· GPRS parameters for the new cell are known in the source cell from neighbour cell information via NACC.  

· The DTM information message is sent with information about the routing area as soon as possible after the CS call is established.  
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Figure 3
Successful internal, dual handover procedure

The delay estimation for the PS service interruption time due to dual internal handover is included in the embedded spreadsheet included below.  The estimated outage time is 820 ms.  

Note that a change of routing area and any packet recovery required in the cell change will add considerably to this estimation.  
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3. Conclusion

This paper has presented some delay estimations for the PS service interruption time due to three different DTM procedures:

· Establishment of a CS call during a PS session

· Release of a CS call during a PS session

· Cell change without change of RA due to CS mobility during a PS session

An MS with 3.5 Downlink Timeslots receiving a PS streaming service has been taken as the example case for the analysis.  Under the assumptions made in each of the cases, the estimated PS service outage time is given in Table 1.  It should be noted that these estimations are close to best case and a variety of other factors can increase these values.  

It is useful to compare these estimated delays with similar figures derived for NACC delays estimated with a similar analysis for the streaming TR ([3] and [4]) show a PS service interruption time in the 540-715 ms range.  If we take a value of 650 ms for comparison it can be seen from the following table of delays that all of the cases involve extra service interruption time although surprisingly the cell change scenario is closest to the non-DTM cell change scenario with NACC. 

	DTM Procedure
	Estimated PS Service Interruption Time
	Equivalent non-DTM PS service Interruption time

	Establishment of a CS call during a PS session
	1330 ms
	650 ms

	Release of a CS call during a PS session
	1430 ms
	650 ms

	Cell change due to CS mobility during a PS session
	820 ms
	650 ms


Table 1

Comparison of PS Service Interruption time

It is for the GERAN meeting to decide how to pursue this work but it seems that there is room for significant improvement in the procedure for release of a CS call during a PS session and the establishment of a CS call during a PS session.  For non-conversational services, it is questionable if improvements in the internal dual handover procedure should be sought for Release 6.  
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Case3 CS Cell Change

		Calculation of Service Interruption Times

		Case 3 - Cell Change in DTM

				Assumptions

				- Error free physical links. No random access collisions.

				- Release 5 DTM Procedures apply

				- Downlink video streaming service is considered

				- 20 ms frame structure on Abis interface

				- The cell change is an intra-SGSN cell change (No RAU)

				Parameters

										MS-BTS delay (MSBTS)														20		ms

										A interface delay (Adelay)														5		ms

										BSC Processing Delay (BSCpd)														10		ms

										MSC Processing Delay (MSCpd)														10		ms

										SGSN Processing Delay (SGSNpd)														10		ms

										MS-BTS delay on FACCH (MSBTS_FACCH)														40		ms

										MS Reaction time (MSreact)														60		ms

										DL LLC PDU size														500		octets

										1/2 DL LLC PDU (DL LLC)														60		ms

										MS Capability (no. of slots)														3.5		DL		Multislot class 8

										CS1 Channel Coding														22		(octets/block)

										MS -BTS-Abis Transmission Delay (MSBSS)														40		ms

										BSC-MSC Transmission Delay (BSCMSC)														10		ms

										Main DCCH delay MS-BSS (MainDCCH)														235		ms		Assume SDCCH allocated so

																												one radio block every 51 multiframe

										FACCH delay (FACCH)														60		ms		Diagonal interleaving on radio i/f

										PCU processing delay (PCUpd)														30		ms		20 ms buffering + 10 ms processing

		Case 3 - PS Service Interruption time calculation

		Message														Delay		Outage Time (ms)

		name		MS		BSS		SGSN		MSC												Comment

																				CS Channel Establishment

		DL LLC PDU														DL LLC		60				on average 1/2 DL LLC PDU is lost and adds to outage

		HO Cmd																				HO command sent on FACCH has no impact on PS session

																MSreact		60				MS tunes to new frequency

		HO Access														MSBTS		20				Assume BTS handles HO access and Physical Info

																BSCpd		10

		Phy Info														MSBTS		20

														CS Handover to new cell						170		ms

																				RR Signalling link Establishment

		SABM														MSBTS_FACCH		40				Assume that LAPDm is terminated in the BTS

		UA														MSBTS_FACCH		40

		HO Complete														FACCH		60				Sent on FACCH

														Establish Signlling Link						140		ms

																				Acquire DTM information

																BSCpd		10				Recognise that the MS is in the new cell

		DTM Info														FACCH		60				Single block sent on FACCH

		DTM Req														FACCH		60				Sent on FACCH

																BSCpd		10

		Packet Assign														FACCH		60				DTM Packet Assignment

														Acquire DTM Information						200		ms

																				Cell Update

																Msreact		60				MS reconfigures layer 1 for UL packet resource

		Cell Udate														MSBSS		40				Perhaps an uplink LLC block

																BSCpd		10

		Cell Udate														Gb		5				Gb delay same as A interface = 5 ms

																SGSNpd		10

		FLUSH														Gb		5

																BSCpd		10

		FLUSH Ack														Gb		5

																SGSNpd		10

		DL LLC PDU														Gb		5				Assume SGSN waits for FLUSH Ack before sending DL LLC PDUs

																BSCpd		10

		PDA														MSBSS		40				Packet DL Assignment

																Msreact		60				MS reconfigures to new DL resource

		DL Data														MSBSS		40				Receive first bit of new DL data

														Cell Update and DL Assignment						310		ms

												TOTAL USER DATA OUTAGE TIME:								820		ms
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Case 2

		Calculation of Service Interruption Times

		Case 2 - CS Release During PS Session

				Assumptions

				- Error free physical links. No random access collisions.

				- Release 5 DTM Procedures apply

				- Downlink video streaming service is considered

				- 20 ms frame structure on Abis interface

				- No PBCCH in cell therefore use RACH and CCCH

				Parameters

										Wait for RACH block (RACHw)														40		ms

										A interface delay (Adelay)														5		ms

										BSC Processing Delay (BSCpd)														10		ms

										MSC Processing Delay (MSCpd)														10		ms

										SGSN Processing Delay (SGSNpd)														10		ms

										PCU processing delay (PCUpd)														30		ms		20 ms buffering + 10 ms processing

										MS Reaction time (MSreact)														60		ms

										DL LLC PDU size														500		octets

										1/2 DL LLC PDU (DL LLC)														60		ms

										MS Capability (no. of slots) PS														3.5		DL		Multislot Class 8

										CS1 Channel Coding														22		octets/block)

										MS -BTS-Abis Transmission Delay (MSBSS)														40		ms

										BSC-MSC Transmission Delay (BSCMSC)														10		ms

										Main DCCH delay MS-BSS (MainDCCH)														235		ms		Assume SDCCH allocated so

																												one radio block every 51 multiframe

										BCCH Acquistion (BCCHaq)														1880		ms		Full acquisition of BCCH

		Case 2 - Service Interruption time calculation

		Message														Delay		Outage Time (ms)

		name		MS		BSS		SGSN		MSC												Comment

																				Re-establish Packet Session

		DL PDU														DL LLC		60				DL LLC PDU (0.5 PDUs lost due to aborting the PS session)

		Acquire BCCH														BCCHaq		940				On average the MS has to wait half of the full BCCH cycle to decode SI1

																RACHw		40				Wait for RACH block

		CR														MSBSS		40				Channel Request on RACH

																Wait Acc Grant		20				Wait for Access Grant slot in CCCH

		Imm Assign														MSBSS		40				Assignment of uplink resource via CCCH

																Msreact		60				MS retunes to new frequency and resources

																		20				Receive USF in DL RLC/MAC block

		UL Data														MSBSS		40				Contention resolution completed

																						DL LLC PDUs continue to arrive at BSS

																PCUpd		30				BSS realises that MS has a PACCH

		PUAN														MSBSS		40				Packet UL Ack/Nack Required to complete contention in MS

		PDA														MSBSS		20				Packet Downlink assignment on PACCH (poll for PCA)

																						Sent immediately after PUAN so only 20 ms delay

		PCA														MSBSS		40				Packet Control Ack sent to confirm resources

		DL Data														MSBSS		40				First bit of new LLC PDU received by MS

														PS Re-establish Est Outage						1430		ms

												TOTAL USER DATA OUTAGE TIME:								1430		ms
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Case 1

		Calculation of Service Interruption Times

		Case 1 - CS Call Establishment During PS Session

				Assumptions

				- Error free physical links. No random access collisions.

				- Release 5 DTM Procedures apply

				- Downlink video streaming service is considered

				- 20 ms frame structure on Abis interface

				-

				Parameters

										A interface delay (Adelay)														5		ms

										BSC Processing Delay (BSCpd)														10		ms

										MSC Processing Delay (MSCpd)														10		ms

										SGSN Processing Delay (SGSNpd)														10		ms

										PCU processing delay (PCUpd)														30		ms		20 ms buffering + 10 ms processing

										MS Reaction time (Msreact)														60		ms

										DL LLC PDU size														500		octets

										1/2 DL LLC PDU (DL LLC)														60		ms

										MS Capability (no. of slots) for PS														3.5		DL		Multislot class 8

										CS1 Channel Coding														22		octets/block)

										MS -BTS-Abis Transmission Delay (MSBSS)														40		ms

										BSC-MSC Transmission Delay (BSCMSC)														10		ms

										Main DCCH delay MS-BSS (MainDCCH)														235		ms		Assume SDCCH allocated so

																												one radio block every 51 multiframe

		Case 1 - PS Service Interruption time calculation

		Message														Delay		Outage Time (ms)

		name		MS		BSS		SGSN		MSC												Comment

																				CS Channel Establishment

		DL PDU														DL LLC		60				DL LLC PDU (0.5 PDUs lost due to aborting the PS session)

		CR																40				Channel Request (RACH): Assume on average a 20 ms waiting time for RACH block

																BSCpd		10				Process Message in BSC

		Imm Assign														MSBSS		40				Abis + CCCH

		Paging														MainDCCH/2		117.5				On average wait for half a 51 multiframe

		Response														BSCpd		10

		UA														MainDCCH/2		117.5				UA frame with service request to establish LAPDm

		SCCP														Adelay						Assume that these do not count as the major delay is waiting for the next

		ConReq																				UL SDCCH radio block

																MSCpd

		SCCP														Adelay

		ConConf

		ClassMark														MainDCCH		235				Wait for full 51 multiframe after paging response

		(CM3)																				These delays do not contribute as DTM Req can be sent after the Class Mark

		UTRAN														MainDCCH		235				Wait for full 51 multiframe after Class Mark change

		ClassMark														BSCpd

		CM Update														Adelay						Assumes that the BSS waits for the UTRAN ClassMark change

																						before sending the CM update

																MSCpd

		Comm ID														Adelay

														CS Channel Est Outage						865		ms

																				DTM PS Session Re-establishment

																						Assume that a PFC download is not required (PFC remains from before)

		DTM Req														MainDCCH		235				Wait for full 51 multiframe after paging response

																BSCpd		10

		DTM Assign														MainDCCH/2		117.5				Assume that the resource has to be moved and therefore DTM Assignment

		Assign																				Assume that PS procedures can occur independently from the RR signalling connection

		Complete														Msreact		60				Asume that the TBF starting time is adjusted to allow the MS to retune to new resource

		DL LLC PDU														MSBSS		40				MS receives first part of new DL LLC PDU

														PS Session Establishment						462.5		ms

												TOTAL USER DATA OUTAGE TIME:								1328		ms
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