3GPP TSG GERAN meeting no 5
TD G#5(01)1187

Chicago, USA
Agenda item 7.2.5.1

28 May – 1 June 2001



Title:
Definition of new DTM multislot classes
Source:
Vodafone

Date:
16th May 2001

Document for:
Decision

1 Introduction

This paper proposes to define DTM multislot classes in Release 4, in addition to the three existing ones in Release 99. This paper is a revised version of [1], discussed at the TSG GERAN #4 meeting.

2 Proposal

2.1 Background

Figure 1 shows the three DTM multislot classes in Release 99. Due to the tight timescales during the standardisation of DTM in Release 99, it was decided that only three classes would be defined in that release and that new classes could be defined in the future.
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Figure 1 – Existing DTM multislot classes in Release 99.

2.2 Rationale

There are some reasons for the need of new DTM multislot classes:

· Higher data rates in the downlink: DTM terminals may support a higher multislot class when they operate in packet transfer mode than when they operate in dual transfer mode, since, even if the multislot capability is the same, in dual transfer mode resources need to be allocated to speech. For service continuity, it is desirable that the number of timeslots for GPRS in packet transfer mode and in dual transfer mode is comparable, especially on the downlink. Otherwise, there could be a considerable reduction in the data rates upon the transition from packet transfer mode to dual transfer mode (e.g. the user is engaged in a data session and receives a speech call). This reduction could potentially be to one eighth of the initial data rate (e.g. from 4 to ½ timeslots: from 4+1 (E)GPRS to 1+1 DTM).

A possible solution to increase the downlink (E)GPRS data rates in dual transfer mode without modifying significantly the complexity of the mobile is to define DTM multislot classes that reduce the uplink allocated resources to one timeslot (TCH/H plus PDCH/H). Then, with approximately the same multislot capability, the MS may support a higher number of timeslots in the downlink.

· MS battery consumption: those classes with only one timeslot in the uplink would also have a beneficial effect in the battery consumption of the MS.

· Granularity: the Release 99 multislot classes show a very different degree of complexity. In order to ease implementation, it is desirable to allow the “intermediate classes”, so that manufacturers have more granularity for the degree of complexity that they decide to implement.

2.3 New classes

In [1], it was proposed to define multislot classes 2, 4 and 8, according to the parameters in Annex B of 3GPP TS 45.002 [2]. This paper, according to the feedback received and the reasons stated above, proposes to extend the concept according to the principle in the mentioned annex and define all multislot classes from 1 to 12.

The proposed DTM multislot classes are shown in Table 1. The left set of columns — Max (CS + PS)— reflect the values in Annex B of 3GPP TS 45.002 [2]. These figures have been split into CS and PS in the central and right columns:

· The central set of columns indicates the exact number of timeslots used for Circuit Switched. The principle followed has been that the number of timeslots for CS is ½ in both uplink and downlink when the total number of timeslots for CS and PS is 1: classes 1, 2, 4 and 8; otherwise it is 1.

· The right columns indicate the maximum number of timeslots used for Packet Switched, which are the number of timeslots not used for CS according to the maximum of the multislot class.


Max(CS + PS)
CS
Max(PS)

Class
Rx
Tx
Sum
Rx
Tx
Sum
Rx
Tx
Sum

1
1
1
2
½
½
1
½
½
1

2
2
1
3
½
½
1
1 ½
½
2

3
2
2
3
1
1
2
1
1
1

4
3
1
4
½
½
1
2 ½
½
3

5
2
2
4
1
1
2
1
1
2

6
3
2
4
1
1
2
2
1
2

7
3
3
4
1
1
2
2
2
2

8
4
1
5
½
½
1
3 ½
½
4

9
3
2
5
1
1
2
2
1
3

10
4
2
5
1
1
2
3
1
3

11
4
3
5
1
1
2
3
2
3

12
4
4
5
1
1
2
3
3
3

Table 1 –Proposed DTM multislot classes in R4.

Note that it is proposed for Release 4 that the use of half rate channels is restricted to the classes for which maximum number of timeslots in the uplink is one. It is proposed, for this Release, the simplification of not allowing n+½ timeslots in the uplink. This can be changed in the future in a backward compatible manner if wanted, by adding an indication of the support of n+½ timeslots in the uplink and generalising the re-ordering mechanism described below (see section 2.5.2) as to being responsibility of the transmitter. The absence of such indication in Release 4 shall be interpreted as non-support.

2.4 Incremental support

In DTM Release 99 multislot classes 1, 5 and 9 were defined and the concept of incremental support was used. If an MS supports class 5, then it also supports class 1 and if an MS supports class 9, then it also supports class 5 (and thus class 1).

With the proposal of defining the rest of the classes according to the 05.02 multislot classes, the extension of the incremental support concept should be done in the same way as for the existing multislot classes. This is depicted in Figure 2. The Release 99 classes are shown in green whereas the ones proposed in [1] (using half rate channels) are shown in yellow.
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Figure 2 – Incremental support of multislot classes.
Also, as indicated in Figure 2, it is proposed that the new classes are indicated independently so that the MS can decide whether to support the Release 99 or Release 4 classes and incremental support. Note that an MS that indicates support of Release 99 class 5, it will support classes 1 and 5. However, if it indicates support of Release 4 class 5, then it will support classes 1, 2, 3 and 5.

2.5 Out of sequence reception

2.5.1 Description of the problem

At the last TSG GERAN meeting it was suggested that the mix of full and half rate channels in the downlink, as happens in classes 2, 4 and 8 —in yellow in Figure 2—, could lead to the reception of blocks in the incorrect order. An example of this is shown in Table 1, where a class 4 terminal is assumed (Rx=3, Tx=1). In this scenario, the sequential start in the transmission of blocks results in reception sequence errors due to the different data rates of the channels.

Frame
TS m
TS m+1
TS m+2
Reception

N
B (1/4)
B+1 (1/4)
B+2 (1/4)
B start; B+1 start; B+2 start

N+1
Speech
B+1 (2/4)
B+2 (2/4)


N+2
B (2/4)
B+1 (3/4)
B+2 (3/4)


N+3
Speech
B+1 (4/4)
B+2 (4/4)
B+1 received; B+2 received

N+4
B (3/4)
B+3 (1/4)
B+4 (1/4)
B+3 start; B+4 start

N+5
Speech
B+3 (2/4)
B+4 (2/4)


N+6
B (4/4)
B+3 (3/4)
B+4 (3/4)
B received

N+7
Speech
B+3 (4/4)
B+4 (4/4)
B+3 received; B+4 received

N+8
B+5 (1/4)
B+6 (1/4)
B+7 (1/4)
B+5 start; B+6 start; B+7 start

N+9
Speech
B+6 (2/4)
B+7 (2/4)


N+10
B+5 (2/4)
B+6 (3/4)
B+7 (3/4)


N+11
Speech
B+6 (4/4)
B+7 (4/4)
B+6 received; B+7 received

N+12
B+5 (3/4)
B+8 (1/4)
B+9 (1/4)
B+8 start; B+9 start

N+13
Speech
B+8 (2/4)
B+9 (2/4)


N+14
B+5 (4/4)
B+8 (3/4)
B+9 (3/4)
B+5 received

N+15
Speech
B+8 (4/4)
B+9 (4/4)
B+8 received; B+9 received

Table 2 – Sequence jumps in reception due to sequential transmission start.
2.5.2 Solutions

There are two solutions to this problem:

· Reorder the blocks after reception. This solution would collide with the requirement to RLC, in unacknowledged mode, to deliver the LLC frame to LLC as soon as the last RLC block of the LLC frame has been received, where the possible missing blocks would be filled in.

· Reorder the blocks before transmission. This is the solution proposed in this paper and it is shown in Table 3.

Frame
TS m
TS m+1
TS m+2
Reception

N
B+2 (1/4)
B (1/4)
B+1 (1/4)
B+2 start; B start; B+1 start

N+1
Speech
B (2/4)
B+1 (2/4)


N+2
B+2 (2/4)
B (3/4)
B+1 (3/4)


N+3
Speech
B (4/4)
B+1 (4/4)
B received; B+1 received

N+4
B+2 (3/4)
B+3 (1/4)
B+4 (1/4)
B+3 start; B+4 start

N+5
Speech
B+3 (2/4)
B+4 (2/4)


N+6
B+2 (4/4)
B+3 (3/4)
B+4 (3/4)
B+2 received

N+7
Speech
B+3 (4/4)
B+4 (4/4)
B+3 received; B+4 received

N+8
B+7 (1/4)
B+5 (1/4)
B+6 (1/4)
B+7 start; B+5 start; B+6 start

N+9
Speech
B+5 (2/4)
B+6 (2/4)


N+10
B+7 (2/4)
B+5 (3/4)
B+6 (3/4)


N+11
Speech
B+5 (4/4)
B+6 (4/4)
B+5 received; B+6 received

N+12
B+7 (3/4)
B+8 (1/4)
B+9 (1/4)
B+8 start; B+9 start

N+13
Speech
B+8 (2/4)
B+9 (2/4)


N+14
B+7 (4/4)
B+8 (3/4)
B+9 (3/4)
B+7 received

N+15
Speech
B+8 (4/4)
B+9 (4/4)
B+8 received; B+9 received

Table 3 – In-sequence reception after non-sequential transmission start.
This re-ordering only needs to take place when the blocks transmitted in the half rate channel and in the full rate channel(s) start in the same TDMA frame (i.e. frame numbers N and N+8 in Table 3, but not in TDMA frames N+4 or N+12). In the cases when reordering is needed, the block transmitted on the half rate channel has to be the one with the highest Block Sequence Number of those whose transmission starts in that TDMA frame. For instance, in frame number N+8 in Table 3, the transmission of blocks B+5, B+6 and B+7 starts; it is B+7 (highest BSN) the one transmitted in the HR channel, since it will be received after the other two. In other case, no re-ordering is needed.

Note that this problem only happens in the downlink, since it is proposed that full and half rate channels are not combined in the uplink. Thus, this solution would only require the network to perform the re-ordering before transmitting, but not the MS.

2.6 Implementation

The definition of the new classes requires the following changes to the specifications:

· 03.55 [3]: define new classes.

· 44.060 [4]: add the requirement for the network to ensure the in-sequence reception of blocks.

· 24.008 [5]: addition of the new classes to the Classmark 3 and MS Radio Access Capabilities.

No changes to 44.018 [6], 45.001 [7] or 45.002 [2] are needed.

Due to the relationship between multislot classes shown in Figure 2, the full extension of classes in a backward compatible manner needs to be coded as shown in Table 4. The first two columns show, respectively, the R99 class and the R4 extension indicated by the MS. The third and forth columns indicate what a R99 and R4 network would understand, respectively.

R99 MS class
R4 MS ext.
R99 netw.
R4 netw.

00
( or 000
Class 1
Class 1


001

Class 2


010

Class 3


011

Class 4


100

Class 8

01
( or 000
Class 5
Class 5


001

Class 6


010

Class 7

10
( or 000
Class 9
Class 9


001

Class 10


010

Class 11


011

Class 12

11
(
Reserved
Reserved

Table 4 – Full extension of DTM multislot classes with backward compatibility.

Due to the fact that there are five R4 classes (1, 2, 3, 4, 8) that fall back into Release 99 class 1, three bits are needed for the class extension in R4. Note that it is not possible to define any of those five classes as an increment of R99 class 5 (see Figure 2).

However, the number of extension bits can be reduced to two if one of those five classes is removed. Vodafone believe that not defining class 3 (2+2=3) does not mean a great loss of flexibility. With this simplification, the extension can be performed as indicated in Table 5. Its coding is shown in Figure 3 and it is full contained in the correspondent CR [8].

R99 MS class
R4 MS ext.
R99 netw.
R4 netw.

00
( or 00
Class 1
Class 1


01

Class 2


10

Class 4


11

Class 8

01
( or 00
Class 5
Class 5


01

Class 6


10

Class 7

10
( or 00
Class 9
Class 9


01

Class 10


10

Class 11


11

Class 12

11
(
Reserved
Reserved

Table 5 – Reduced extension of DTM multislot classes with backward compatibility.
<Classmark 3 Value part> ::=


[…]


{ 0 | 1
< DTM GPRS Multi Slot Sub-Class : bit(2) >



< MAC Mode Support : bit >



{ 0 | 1< DTM EGPRS Multi Slot Sub-Class : bit(2) > } }


{_0 | 1 <GSM 700 Associated Radio Capability : bit(4)>}


{_0 | 1 < Extended DTM GPRS Multi Slot Class : bit(2) >




< Extended DTM EGPRS Multi Slot Class : bit(2) > }


< spare bit > ;

---------------------

DTM GPRS Multi Slot Sub-Class (2 bit field)

This field indicates the GPRS DTM capabilities of the MS. The GPRS DTM Multi Slot Sub-Class is independent from the Multi Slot Capabilities field. It is coded as follows:

Bit

2 1

____
0 0

Sub-Class 1 supported

____
0 1

Sub-Class 5 supported

____
1 0

Sub-Class 9 supported

____
1 1

Reserved for future extension. If received, the network shall interpret this as ‘00’ 

DTM EGPRS Multi Slot Sub-Class -(2 bit field)

This field indicates the EGPRS DTM capabilities of the MS. -The DTM EGPRS Multi Slot Sub-Class is independent from the Multi Slot Capabilities field. This field shall be included only if the mobile station supports EGPRS DTM. This field is coded as the DTM GPRS Multi Slot Sub-Class field.

Extended DTM GPRS Multi Slot Class (2 bit field)

This field indicates the extended GPRS DTM capabilities of the MS. The Extended GPRS DTM Multi Slot Class field is independent from the Multi Slot Capabilities field, but has to be interpreted in conjunction with the GPRS DTM Multi Slot Class field. It is coded as follows, where ‘DGMSC’ denotes the DTM GPRS Multi Slot Class field:

DGMSC Bit
2 1 – Bit 2 1



0 0
      0 0
Class 1 supported




0 0
      0 1
Class 2 supported




0 0
      1 0
Class 4 supported




0 0
      1 1
Class 8 supported




0 1
      0 0
Class 5 supported




0 1
      0 1
Class 6 supported




0 1
      1 0
Class 7 supported




1 0
      0 0
Class 9 supported




1 0
      0 1
Class 10 supported




1 0
      1 0
Class 11 supported




1 0
      1 1
Class 12 supported

Extended DTM EGPRS Multi Slot Class (2 bit field)

This field is not considered when the EGPRS DTM Multi Slot Class field is not included. This field indicates the extended EGPRS DTM capabilities of the MS. The Extended DTM EGPRS Multi Slot Class field is independent from the Multi Slot Capabilities field, but has to be interpreted in conjunction with the EGPRS DTM Multi Slot Class field. This field is coded as the Extended DTM GPRS Multi Slot Class field.
Figure 3 – Addition of Release 4 DTM classes in Classmark 3.

2.7 Interoperability scenarios

There are four possible scenarios depending on the release that MS and BSC implement:

1. R99 MS in an R99 BSC: as today; no interoperability problem.

2. R4 MS in an R99 BSC: the BSC only understands the first two bits —classes 1, 5 and 9—, classes that are always supported by the R4 MS.

3. R99 MS in an R4 BSC: the MS will indicate one of the three R99 classes and it will not include the R4 Extended DTM Multislot Class field. An R4 BSC would interpret the class correctly. In addition, as the BSC knows that the MS is R99, it does not expect the terminal to support the new, less restrictive classes. For example, if the R99 MS indicated class 9, the BSC correctly understands class 9 and it will only allocate classes 1, 5 or 9.

4. R4 MS in an R4 BSC: full supports on both ends; no interoperability problem.

3 Conclusions

It is proposed in this paper to extend the DTM multislot classes from the three existing ones in Release 99. These classes allow higher (E)GPRS data rates in the downlink without modifying significantly the requirements for the mobile station, limiting the problem of the difference of (E)GPRS data rates when in packet transfer and dual transfer modes. They also allow a finer granularity for the complexity and performance of the terminals.

The definition of the new classes is proposed for Release 4.
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