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1 Introduction

During the last months and meetings, the concept of “PDTCH on DPSCH” has repeatedly appeared as desirable for R4/R5, although —at least to the author of this paper— the exact market requirements for such a feature are so far unknown. This document intends to analyse the service requirements for the streaming services and whether the “PDTCH on DPSCH” concept is therefore needed. It is based on [1], presented and discussed at the previous ad hoc meeting.

This item is also studied in [2], [3] and [4].

2 Market requirements

Vodafone expects the support of Streaming QoS to be included in the “early Release 5” (i.e. June 2001).

3 Service requirements

3.1 General

3G TS 23.107 [1] outlines the requirements for the provision of quality of service (QoS) in UMTS, requirements that have now to be extended to GERAN. In UMTS, four QoS classes are defined:

a) Conversational

b) Streaming

c) Interactive

d) Background

In GERAN Release 99, only conversational and background traffic classes effectively exist. In this release, conversational traffic is provided through dedicated channels and background traffic through shared channels —with the exception of the exclusive MAC mode for dual transfer mode. These means to support conversational and background traffic should not change in Release 4.

Interactive traffic class poses tighter requirements on the network elements as to respect the request response pattern, although there is nothing that prevents using shared resources to this effect.
It is unclear to the author the nature of the resources that should be provided by GERAN for the support of the streaming traffic class. This is studied further in the following sections.

3.2 Requirements for streaming services

This section analyses the typical attributes of the streaming QoS class and the suitability of dedicated or shared resources.

3.2.1 Delay

Regarding delay, there are two attributes to consider:

a) Absolute delay

b) Delay variability 

Figure 1 shows the different delay requirements —both absolute delay and delay change— of the four traffic classes listed above. The tolerance to the delay (in the vertical axis) is intrinsically related to the “bidirectionality” of the service, to how source and reception are related in time. However, the tolerance to the variability of the delay (in the horizontal axis) is usually linked to the variability of the rate at which information is generated.

Dedicated resources offer both constant, granted data rates (thus with low delay variations) and channels in both directions. Shared resources have been used so far for background services, with low delay requirements on both axes. It seems that the need for dedicated resources thus grow in the direction of the red line in Figure 1.
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Figure 1 – Delay requirements for the four traffic classes
.

3.2.1.1 Absolute delay

Streaming services do not show a conversational pattern and are typically unidirectional, hence requiring unidirectional (or direction-biased) resources.

The delay requirements may not be satisfied in some cases with acknowledged RLC operation.

3.2.1.2 Delay variation

Streaming services —as conversational— have tight requirements to preserve the relative time relation between source and destiny. The transfer delay needs to remain approximately constant, which is something only offered today by dedicated resources.
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Figure 2 – Model of disruption of streaming traffic, e.g. at cell change.

A particular case when the control of the variation of the delay is needed is at cell change, for both network controlled and mobile originated cases. A crude model for the disruption of the service caused by the cell change is depicted in Figure 2, being based on two parameters:

· k, the number of SDUs not sent

· (, the permanent shift of the average delay

Ideally, both parameters are zero. In practice, requirements on the accepted ranges of k and ( need to be specified. Depending on these values, there are three possible implementations of the cell change; sorted in inverse order of the likely service disruption, they are:

a) Mobile controlled or network commanded cell re-selection

b) Network Assisted Cell Change

c) Network controlled handover

Since Release 99 GPRS cell re-selection has an unacceptable performance for streaming QoS, work is currently progressing in order to reduce the interruption with the Network Assisted Cell Change [6]. It is likely that, even with this improvement, some services with very stringent requirements will need of a network controlled handover. In order to make this handover reliable, periodic mobile originated measurements are needed at the network side.

3.2.2 Data rates

The bit rates can be variable depending on the service. However, as stated in 3G TS 23.107 [1], “As for conversational class, streaming traffic is assumed to be rather non-bursty”. This, linked to the need to limit the variations in the delay, leads to a requirement to ensure a guaranteed bit rate.

Yet, variations of the bit rate are possible:

· Other services shall be able to be multiplexed on the unused resources created by lower instantaneous bit rates. This multiplexing can be performed at both MAC and PHY levels.

· A sensible simplification for the first release is to assume that the guaranteed bit rate is the maximum bit rate, although this needs to be confirmed and the benefits of allowing rates greater than the guaranteed one should be studied.

All the possible implementations of resources for streaming services are likely to be flexible enough to satisfy data rate requirements, although shared channels would offer a finer granularity.

3.2.3 Error protection

Different streaming services may require different residual bit error ratio and SDU bit error ratio. Unequal error protection could be used. It should also be possible to configure whether delivery of erroneous SDUs is performed or not.

3.2.4 RAB Service Attributes in UMTS

Table 1 contains the allowed ranges of the RAB service attributes for the streaming as stated in 3G TS 23.107 [1].

Attributes
Streaming class

Maximum bitrate (kbps)
< 2 048 (1) (2)

Delivery order
Yes/No

Maximum SDU size (octets)
<=1 500 or 1 502 (3)

SDU format information
(4)

Delivery of erroneous SDUs
Yes/No/-

Residual BER
5*10-2, 10-2, 5*10-3, 10-3, 10-4, 10-5, 10-6 

SDU error ratio
10-1, 10-2, 7*10-3, 10-3, 10-4, 10-5 

Transfer delay (ms)
250 – maximum value 

Guaranteed bit rate (kbps)
< 2 048 (1) (2)

Traffic handling priority


Allocation/Retention priority
1,2,3 (5)

Source statistic descriptor
Speech/unknown

Table 1 – Comparison of solutions for the support of streaming traffic.

(1)
Bitrate of 2 048 kbps requires that UTRAN operates in transparent RLC protocol mode, in this case the overhead from layer 2 protocols is negligible.

(2)
The granularity of the bit rate attributes shall be studied. Although the UMTS network has capability to support a large number of different bitrate values, the number of possible values shall be limited not to unnecessarily increase the complexity of for example terminals, charging and interworking functions. Exact list of supported values shall be defined together with S1, N1, N3 and R2.

(3)
In case of PDP type = PPP, maximum SDU size is 1502 octets. In other cases, maximum SDU size is 1 500 octets.
(4)
Definition of possible values of exact SDU sizes for which UTRAN can support transparent RLC protocol mode, is the task of RAN WG3.

(5)
Number of priority levels shall be further analysed by S1, N1 and N3.

3.3 Resources for streaming services

As a consequence of the above, streaming services may be supported by both dedicated and shared resources. In addition, the dedicated resources can be implemented as bi-directional TCHs or as TBFs in exclusive allocation (today only defined in DTM). Hence, three solutions are possible:

a) PDTCH on DPSCH

b) PDTCH on SPSCH in exclusive allocation

c) PDTCH on SPSCH in dynamic or fixed allocation

3.3.1 PDTCH on DPSCH

This option has been analysed in [3]. It uses a 26-frame multiframe, with 24 frames for the user traffic, one frame for the SACCH and one idle frame. The measurement reports are sent on the SACCH for lossless cell change.

The DPSCH is a bi-directional channel, whereas streaming services tend to be unidirectional. This makes this solution very spectrum-inefficient.

3.3.2 PDTCH on SPSCH in exclusive allocation

3.3.2.1 General

This solution uses a 52-frame multiframe, with 48 frames for the user traffic, two frames for the PTCCH and two idle frames. Extra capacity for the measurement reports is needed, which is not the case of the PDTCH on DPSCH solution.

3.3.2.2 PDTCH on SPSCH in exclusive allocation

This option has also been analysed in [3]. The mobile is given granted access to the allocated resources, which are not shared with other users.

As a correction to [3], it should be noted that Release 99 also extends the exclusive allocation to a PDTCH/F. This happens when the mobile station is DTM multislot class 5 or 9, but indicates that cannot share the uplink resources (see 3G TS 43.055 [7]).

As explained in [3], this solution has the same problems of symmetrical allocation as the DPSCH.

3.3.2.3 PDTCH on SPSCH in dynamic or fixed allocation

In order to overcome the waste of resources that a symmetrical allocation leads to in the case of streaming traffic, a solution based on the existing shared MAC modes is possible. The network may allocate a TBF (in fixed or dynamic allocation) that satisfies the requirements expressed above for this QoS class. In the downlink, the behaviour is kept as today, whereas, in the uplink, the blocks allocated to the mobile (bitmap in fixed allocation or USF appearances in dynamic) shall respect the delay and guaranteed data rate of the service. Note that this solution allows an asymmetric allocation of resources according to the needs of the service, with no wasted resources.

This solution allows keeping the current multiplexing schemes at MAC level. It also introduces the benefit of a finer granularity in the data rates.

The network controlled handovers for SPSCH would need to be defined in 3G TS 44.060. In order to enable handovers, mobile originated measurement reports need to be sent to the network. These would be sent on the PACCH, being possible to specify the reporting period in the TBF allocation message so that it can vary according to the QoS of the service.

3.3.3 Comparison

Table 2 summarises the points that were mentioned in the sections above, allowing comparison.


PDTCH on DPSCH
PDTCH on SPSCH



Exclusive
Fixed / Dynamic

Absolute delay
No difference

Delay variability
No difference

Data rates
12 out of 13 frames (and multiples)
12 out of 13 frames (and multiples) less measurem.
Variable

Error protection
No difference

Unidirectionality
Bad: DPSCH is bidirectional
Bad: this SPSCH is bidirectional
Good: no wasted resources

Multiplexing
At PHY level
At MAC level

Handover
Existing
Radio packet handover required

Measurement reporting
On the SACCH. Reports always sent.
On the PACCH. Flexible reporting period. Reports only sent for lossless cell change.

Interleaving
Diagonal over 8 frames
Rectangular over 4 frames

Table 2 – Comparison of solutions for the support of streaming traffic.

4 Conclusions

Vodafone believe in the need for the support of streaming services in GERAN Release 4. It is likely that NACC will not satisfy the most stringent service requirements and that a solution offering network controlled cell change is needed for Release 5.

This paper lists three possible solutions and analyses their implications. Further discussion is needed within TSG GERAN as to which of these solutions is most suitable for the June 2001 timescales. The solution based on PDTCH on SPSCH with exclusive allocations shows most of the drawbacks of the other two solutions with no clear benefit. Vodafone would encourage that either one of the other two solutions is chosen:

· PDTCH on DPSCH, due to the minimal changes to implement it

· PDTCH on SPSCH (fixed and dynamic allocation), due to the flexibility in resource allocation

Furthermore, due to the tight deadlines and the excessive amount of features still considered for the mentioned June 2001 deadline, Vodafone could accept that the ‘PDTCH on DPSCH’ solution is adopted in the short term, since it is possible to define the ‘radio packet handover’ for the next release. When both solutions are defined, the BSC will be able to choose the most appropriate one.
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� CBR: constant bit rate. VBR: variable bit rate.
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