Page 1



TSG SA Working Group 2 meeting #16

Los Angeles, 2001/01/22-26
TSG SA2#01-0017



Agenda item:
QoS

Source: 

Mitsubishi Electric (Trium R&D)

Title: 

UE transfer delay for conversational speech service. TE/MT reference points.

Document for:

Discussion& Decision

Introduction 

In SA2-Makuhari meeting, Tdoc S2-002076  proposed attributes to UMTS bearer services and Radio Bearer services. 

Off-line discusssions consolidated minimum value of delay attributes and came up to a new version of Tdoc 2076, joint by Mitsubishi, Motorola and Ericsson. (100 ms for UMTS bearer service and 80 ms for radio bearer service). In order to consolidate these attributes, UE implementation figures are given to detail why these minimum values are acceptable.

This paper further reacts on the values given for the maximum values. Mitsubishi is ready to consider lower values than 500ms as far as reference point and delay budgetted to UE are unambiguously defined.

Consequently, following Tdoc S2-001959 (UE domains) discussed in Makuhari meeting and for e-mail approval, a CR is proposed to refine in the UE the MT/TE frontier as a reference point in 23.107. 

Finally it is proposed to liaise with concerned TSGs for consistency.

Abbreviations

ERP
Ear Reference Point

MRP
Mouth Reference Point

TRP
Teleservice Restitution Point

TAP 
Teleservice Acquisition Point
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Discussion on UE transfer delay 

SA2 concentrates on bearer services QOS by setting attributes at level acceptable by end-users. These attributes are consolidated by feasibility study taking into account :

· Former standardisation,

· Implementation aspects in order to realistically estimate overall transfer delay of the UMTS network.

· Budgetting  this overall delay between individual functional parts of  the UMTS network (UE, UTRAN, CN, …) as stated in the S2 Terms of Reference : “Definition, evolution and maintenance of the overall architecture including the assignment of functions to particular subsystems (e.g. UTRAN, CN, Terminal, USIM) and associated high level functional interactions.

· Definition of reference points to ease specification of unambiguous test methods

· …

This paper first concentrates on the contribution of the UE to the transfer delay.

As far as  the Access Stratum is concerned, implementation figures have been briefly discussed between  TSGs RAN3 and RAN4 [1] and included in [3] (U2 parameter).

Currently there is no clear requirement on the UE delay budget for speech, like in [5, annex D] for GSM. 

3GPP TS 26.115 [9] (S4 working group) aims in a near furture at specifying the actual delay budget from the UE through the UTRAN and through the core network. 

There are significant difference compared to GSM, and notably in the UL we need some MAC TFC selection in between speech source coding and speech channel encoding. We are quite concerned that this has never been taken into account before.

Here below we propose two spread sheets (Table 1) based upon realistic assumptions compatible with market acceptable costs. These are to be worked on.

The uplink delay consists in the delay between an acoustic event at the MRP to the last bit of the corresponding speech frame at the antenna connector. 

The downlink delay consists in the delay between the first bit of a speech frame at the antenna connector and the last acoustic event at the ERP corresponding to that speech frame.
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Table 1 : UE delay budget

Table 1 shows that : 

· MT Uplink and Downlink do not have same delays. 

· U2 Figures accepted in RAN 2 [3] are optimistic : 

· Uplink : 15 ms should be raised to 35.3 ms

· Downlink : 15 ms should be raised to 40 ms 

A possible interpretation is that MAC delay was not taken into account.

We would like SA2 liaise to RAN2 and ask them considering this for updating TR 25.853. 

· In dowlink, excluding TE ie (DT1+DT2+DT3) gives 67.4 – 7.4 = 60 ms without vocoding match the 80(resp. 100) ms radio (resp. UMTS) bearer service transfer delay. This is in line with CR S2-0002076 Table 4 and Table 5.. This however  leaves only 20 (resp. 40) ms to the Core network.

· However, with 10 ms TTI  (possible transparent data service), this leaves 10 ms more ie 30 (resp. 50) ms to the Core Network.

As a partial conclusion, budget of transfer delay has to be carefully split.

The delay transfer fundamentally conditions implementation (buffer sizes, processors handshakes, processor timings...) and, as a mobile manufacturer, Mitsubishi would like to anticipate potential feasibility problems raised by too tight specifications of the mobile.

Discussion on Transfer delay attributes

The CR proposed in Tdoc S2- 002076 proposes following figures : 


Conversational class


UMTS bearer services
100 - 500 ms
500-2500 ms

Radio bearer services
80 – 475 ms
250- 2475 ms
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Minimum values (conversational) :

The spread sheet below  sums up transfer delays calculated from table 1 and [3]
Table 2  : Transfer delays for bearer services

For speech : 

· the UE contribution to the transfer delay (MT part only) is : 58.3 ms (UL Uplink), 60 ms (DL Downlink)

· 80 – 60= 20 (resp. 40) ms left is budgetted for (UTRAN + CN)  to speech UMTS (resp. radio) bearer service 

· This leads to dead lock for Uplink

For transparent data, 80 ms (resp. 100 ms) is acceptable minimum value for radio (resp. UMTS) bearer service.

Therefore, this minimum value is acceptable with a restriction to TTI = 10 ms only .

Maximum values (conversational) :

There should be a maximum value allocated to UMTS or Radio bearer services. If not, this 23.107 attribute is  informative only and  this should be stated somewhere.

500 ms maximum transfer delay is well endorsed within standardisation bodies :

· ITU , [8]

· GSM, [5] quoted : “According to curve 2 of figure A.1 of ITU-T Recommendation G.114, the percentage of users experiencing difficulties with echo suppressers reaches 20 % with a delay of 150 ms rising to 40 % with a delay of 300 ms. ITU-T Recommendation G.114 annex A details the test conditions under which this curve was derived and it concludes that connections with more than 300 ms can only be used by very disciplined users who are aware of the problems involved in such a connection. However, recent work has indicated that delays of up to 500 ms can be used satisfactorily, provided that effective echo cancellation is incorporated in the link. ” ,
To support multimedia services, UMTS multiplexing is more complex than Phase 2 GSM. This impacts processing delay especially in the UE in a drastic way(round trip delay in UE is increased by 22.8 ms). Modern DSPs allow this flexibility but one should not tighten this requirement further more and keep the above conservative accepted figures.

However this 500 ms are allocated to end-to-end services which encompass the bearer services. These 500 ms shall be splitted between UMTS bearer service and Non-Access Stratum.

Table 2 gives : 

85.5 ms  for speech radio bearer service
108.1 ms  for speech UMTS bearer service
126.5 ms  for speech TE + radio bearer service
149.1 ms  for speech TE + UMTS bearer service
which are far below the 500 ms upper limit, even with TE but without External bearer service. 

Mitsubishi is even ready to consider a lower  limit as far as the minimum delay budgetted to MT are as follows :


Conversational Class : Minimum Delay allocated to MT

UMTS or Radio bearer services 
Uplink
Downlink


58.3 + TTI – 20 ms 
60 + TTI – 20 ms 

and conditioned to a clear definition of the MT/TE reference point.

Discussion on UE reference points

In 23.101 and 23.107, the UE is splitted in TE and MT parts. (UMTS and radio) Bearer Service domains encompass MT only. 

In SA2-Makuhari meeting, Tdoc S2-001959 [13] was presented and gives further refinement to domains which makes sense. As this document is top-level, it cannot be bothered by further details 

To our opinion, the frontier point is not enough clearly referenced in 23.107, with respect to eg 25.1xx series : 

· 23.107 [6,section 5.2.1]states : “ This separation is used in the description of the functional communication in figure 3 but no reference point is defined in this specification.”

·  25.301 in figures 1 a,b,c relates “assumed” architecture and does not define the MT/UE neither as its scope is to define the radio protocol stack.

The 23.107 seems definitely to be the rignt location to refine this.

We think indeed that this reference point is an end-point to bearer service and should be referenced in 23.107( see attached CR). This reference point which is internal to the UE should be well accepted by other TSGs as well.

Discussion on UE speech transfer delay tests
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As the MT/TE reference point is not accessible for test purposes, the only way to test the delay attributes are from Uu (Air Interface) and Teleservice Restitution Point /Teleservice Acquisition Point. 

Figure 1 : UE Reference points for teleservices.

Specifically to speech teleservice, test of the uplink delay consists in measuring the delay between an acoustic event at the Mouth Reference Point MRP (speech TAP) to the last bit of the corresponding speech frame at the antenna connector. 

Test of the downlink delay consists in measuring the delay between the first bit of a speech frame at the antenna connector and the last acoustic event at the Ear Restitution Point ERP (speech TRP) corresponding to that speech frame.

Downlink
67.4 ms

Uplink
99.3 ms

Simply notice that the sum of these delays (UE round-trip delay) is 67.4 + 99.3  = 166.7 ms is 22.8 ms greater than the GSM value (143.9 ms ) [5, annex D]

We would like SA2 to ask SA4 consider these input figures as well as the reference test point for 26.115. Further impact on 34.121 [10] and 34.122 [11] is not excluded (T1 goup).

Conclusion

In this paper we propose some frame for the delay budget. Notably, we stress the importance of MAC delays .

The minimum and maximum values for delay attributes have been discussed and explicits support to new version of Tdoc S2-002076.

Mitsubihi is ready to consider a maximum value lower than 500 ms if and only if delay allocated to MT is clearly stated (60ms minimum).  This needs unambiguous definition of the MT/TE frontier as proposed in the attached CR.

As stated in the SA2 terms of reference, SA2 is in charge of  :

· assigning functions to particular subsystems (e.g. UTRAN, CN, Terminal, USIM) and associated high level functional interactions,

· in cooperation with other TSGs…

Therefore, we propose to liaise with other TSGs the following :

· TSG RAN 2 : The delay budgetted in 25.853, namely U2, is optimistic and proposes SA2 to liaise RAN2 to impact 25.853 accordingly.

· TSG RAN 2 : Consolidate UMTS architecture assumptions in 25.301 

· TSG SA 4 :  codec to ask views on reference points to impact 26.115 accordingly.

· TSG T1 : Discussion on UE speech transfer delay tests possibly impact of  34.121 and 34.122 

If good agreement is reached within the SA2 QoS group, Mitsubishi is ready to write these LSs.
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71,6

TTI = 10 ms, < 80 ms , OK

TOTAL transparent data Radio Access Bearer +TE

116,5

79

TTI = 10 ms

UTRAN + CN

T2 max delay

84,8

71,8

UMTS bearer service [3, table 6]

minus

15

15

U2 delay is already included in MT

minus

20

20

U3 TTI is already included in MT

S/Total UTRAN+ CN

49,8

36,8

108,1

96,8

TTI = 20 ms, > 100 ms

149,1

104,2

TTI = 20 ms

98,1

86,8

TTI = 10 ms, < 100 ms , OK

139,1

94,2

TTI = 10 ms

TOTAL transparent data UMTS Access Bearer +TE

UTRAN + CN

TOTAL speech UMTS Access Bearer

TOTAL speech UMTS Access Bearer +TE

TOTAL transparent data UMTS Access Bearer
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		Uplink

						UL (ms)		reference		[3], 25.853 table 5 Notation		S/Total (ms)		[7], 23,107  Notation		GSM 03,50 Notation		Full Rate

		UT1		UE AMR speech Sampling (including look ahead)		25		TR 25.932 v1.1.0 §8.1.1		sample frame		41		TE		T sample		20

		UT2		Audio ADC+filters		2		[6, annex D]								T a/d		2

		UT3		UE Speech source coding		14		echo control included		transcoding						T transc		8

		UT4		UE MAC TFC selection		20				U2 UE processing delay		35.3		MT

		UT5		UE Channel coding & IL & TrCH mux and frame building		10										Tencode		1.6

		UT6		spreading, FIR, DAC, RF front end		5.3		5 ms +1024 chips

		UT7		Interleaving span		20		TTI = 20ms		U3 Interleaving delay		20				Trftx		37.5

		UT8		Margins		3		[6, annex D]				3				margins		3

				total		99.3												72.1

		Downlink

						DL		reference		[3], 25.853 table 5 Notation		S/Total (ms)		[7], 23,107  Notation		GSM 03,50 Notation		Full Rate

		DT1		Interleaving span		20		TTI = 20ms		U3 Interleaving delay		20		MT		Trftx		37.5

		DT2		Frame debuilding, TrCH de-MUX, de-IL, channel decoding		20				U2 UE processing delay		40				Trxproc		8.8

		DT4		MAC		20

		DT3		RF front end, ADC, FIR, RAKE demodulation		1.9		1(RF+ADC)+0,9 (FIR +Rake)		Transcoding  decoding Processing		7.4		TE		Td/a		1

		DT5		AMR source Decoding		2										T proc		1.5

		DT6		PCM audio restitution		0.5										Tpcm		20

		DT7		Margins		3		[6, annex D]								margins		3

				total		67.4												71.8

				Total round-trip		166.7		UMTS										143.9		GSM
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		Network entity		Sub-entity		Uplink		Downlink		Comment

		UE		UE TE part		41		7.4

				UE MT part		58.3		60

				S/Total UE		99.3		67.4

		UTRAN + CN		T1 min delay		62.2		49.2		radio bearer service [3, table 6]

				minus		15		15		U2 delay is already included in MT

				minus		20		20		U3 TTI is already included in MT

				S/Total UTRAN+ CN		27.2		14.2

		TOTAL speech Radio Access Bearer				85.5		81.6		TTI = 20 ms, > 80 ms

		TOTAL speech Radio Access Bearer +TE				126.5		89		TTI = 20 ms

		TOTAL transparent data Radio Access Bearer				75.5		71.6		TTI = 10 ms, < 80 ms , OK

		TOTAL transparent data Radio Access Bearer +TE				116.5		79		TTI = 10 ms

		UTRAN + CN		T2 max delay		84.8		71.8		UMTS bearer service [3, table 6]

				minus		15		15		U2 delay is already included in MT

				minus		20		20		U3 TTI is already included in MT

				S/Total UTRAN+ CN		49.8		36.8

		TOTAL speech UMTS Access Bearer				108.1		96.8		TTI = 20 ms, > 100 ms

		TOTAL speech UMTS Access Bearer +TE				149.1		104.2		TTI = 20 ms

		TOTAL transparent data UMTS Access Bearer				98.1		86.8		TTI = 10 ms, < 100 ms , OK

		TOTAL transparent data UMTS Access Bearer +TE				139.1		94.2		TTI = 10 ms






