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1 Introduction

3GPP TS 45.002 defines in Annex B the different multislot classes supported by an MS. Two main types are described :

- Type 1 mobiles : not required to transmit and receive at the same time

- Type 2 mobiles : required to be able to transmit and receive at the same time

Without taking into account half duplex case, the highest type 1 multislot class is 12 : 4 Rx, 4 Tx, Sum=5. This maximum value is due to technology constraint, i.e. need for two timeslot duration (( 1000 µs) to perform neighbour cell measurements.
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Figure 1 : current multislot class 12, 4 DL + 1 UL allocation
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Figure 2 : current multislot class 12, 3 DL + 2 UL allocation

This shows that the maximum throughput for a type 1 mobile is given by its availability to perform neighbour cell measurements, i.e. Tra value.

Being able to go up to Sum=7 (for example 6 DL + 1 UL for downlink transfer or 4 DL + 3 UL for interactive applications) with a type 1 mobile would increase significantly the quality of service.

2 Extended multislot class

2.1 With current standard

With higher multislot classes, i.e. Sum = 6 or Sum = 7, the problem is that small space is available for switching between UL and DL frequencies and to perform neighbour cell measurements.

The figure below shows an allocation where the switch between the DL and the UL must be quite instantaneous, i.e. during the guard period of 8,25 bits (( 30 µs) knowing that this guard period is used for TA adjustments.
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Figure 3 : 6 DL + 1 UL allocation, no time to switch

2.2 Description of the solution for Sum=7

To overcome the issue described above, it is proposed to shift the UL multiframe of those BTSs in the network that would support high multislot classes. This shift is applied to the whole BTS, whatever the mobiles are. This shift transparent for any MS (legacy MS or new MS supporting high multislot classes) because this shift is just a timing advance minimum value.

The deployment of such a solution would be done in selected areas, on a cell per cell basis depending on the size of the cells, the expected data traffic and BTSs capabilities.

In the following description, this minimum timing advance value is called ta_offset. The delay given by this timing advance offset is used by the MS to switch from UL to DL. This ta_offset is applied for all the MS in the cell because the whole UL multiframe is shifted.

The MS performs neighbour cells measurements between the DL and the UL (Tta parameter). This duration is one timeslot duration (577 µs) minus maximum timing advance.
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Figure 4 : Shifting UL multiframe, example 6 DL + 1 UL
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Figure 5 : detailed chronograph of UL + measurement operation

Figure above shows that as soon as ta_offset is the minimum TA value to use to let some time for the MS to switch between UL and DL, then the range for timing advance in the cell (ta_range) is less than 63 bits because ta_range + ta_offset ( 63 bits.

As a working assumption, considering that the same time to switch from DL to neighbour cell frequency and from neighbour cell frequency to UL is also ta_offset, we have :

3 * ta_offset +  ta_range + measurement_window = 156,25 bits

Some possible values for these parameters are given in the table below.

maximum

cell radius
ta_range
ta_offset
measurement window

14 km
24 bits
39 bits
16 bits

18 km
32 bits
31 bits
32 bits

27 km
48 bits
15 bits
64 bits

Table 1

On a standardisation point of view, it is proposed to choose only one of the figures given in table 1 and put it in the standard. The medium value is a good compromise as the maximum cell radius (18 km) is only reduced by 2 compared to the usual GSM maximum cell radius, and the MS has 100 µs to switch from one frequency to another one. The neighbour cell measurements are made on 32 bits to keep a good accuracy.

Another solution would be to put several figures from table 1 in the standard so an operator would be able to define different behaviors depending on the cell size. This solution is felt too complicated as the MS would have to indicate its ta_offset capability depending on its performances.
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Figure 6 : Example 4 DL + 3 UL allocation

2.3 Use of the solution with Sum=6 timeslots

The solution described in the previous section also allows a new multislot class between 5 timeslots (multislot classes 8 to 12) and 7 timeslots (see previous section).

The figure below shows the behaviour with 5 DL + 1 UL allocation.


[image: image7.wmf]7

0

1

2

3

0

DL

UL

0

1

2

3

4

5

6

7

1

2

3

4

5

6

7

6

7

0

1

2

Meas

Ttb = 1 (ready Tx)

Tra = 1 (measure + ready Rx)

Used timeslot

Timeslot


Figure 7 : 5 DL + 1 UL allocation, no ta_offset
As shown on the figure, the time to perform neighbour cell measurements is one timeslot duration, which is rather small for two frequency switches and one measurement window, whereas the time to switch from DL to UL is quite long.

When the solution described in previous section is used, the time is more balanced between these two phases, as shown below.


[image: image8.wmf]7

0

1

2

3

0

DL

UL

0

1

2

3

4

5

6

7

1

2

3

4

5

6

7

6

7

0

1

2

Meas

Tra (ready Tx)

Ttb (measure + ready Rx)

Used timeslot

Timeslot

shift

0

1

2

3

4

5

6

7

6

7

0

1

2

New position of the UL multiframe

Original position of the UL

multiframe


Figure 8 : 5 DL + 1 UL allocation using ta_offset
In the standard, it is proposed to define two types of multislot classes supporting 6 timeslots, depending on the MS technology. One uses usual definition, i.e. the MS is able to perform neighbour cell measurements during one timeslot (577 µs). The second one uses the ta_offset mechanism to increase the time available for neighbour cell measurements.

2.4 BSIC decoding

The MS needs to decode the BSIC of surrounding cells for measurement purpose. Due to the BCCH 51-multiframe structure, the MS needs to open a window of [9 TS + 2 Trb] length to catch a neighbour BSIC. This window is opened when FN [mod 26] = 25.

To avoid this issue, the network shall not allocate the last or the two last uplink radio block on the highest timeslot number(s) just before FN [mod 26] = 25. One block should be "dropped" (i.e. not allocated to the MS) for any allocation SUM=6 and for allocations SUM=7 when only 1 UL is allocated. 

Two blocks should be "dropped" for any allocation SUM=7 with 2 or more UL allocated.

For an allocation 5 DL + 1 UL (SUM=6), it would mean dropping 1 uplink block every 4 => 25 % reduction of the maximum uplink throughput. 

For a balanced allocation 3 DL + 3 UL (SUM=6), it would mean dropping 1 uplink block every 12 => 8 % reduction 

For an allocation 6 DL + 1 UL (SUM=7), it would also mean dropping 1 uplink block every 4 => 25 % reduction 

For an allocation 5 DL + 2 UL (SUM=7), it would also mean dropping 2 uplink block every 8 => 25 % reduction 

For an allocation 4 DL + 3 UL (SUM=7), it would also mean dropping 2 uplink block every 12 => 17 % reduction 

Note that this does not mean loosing radio resources as the block can be allocated to another mobile sharing the same timeslot. The network shall also check that the allocation of the timeslots where blocks may be dropped is not "circuit switched" (in the case of DTM for example) as it is not allowed to drop blocks in circuit switched.

2.5 DTM

This proposal is fully compatible with DTM, taking into account the BSIC decoding constraint (see previous section), i.e. avoid to allocate the circuit switched timeslot on the highest timeslot number.

2.6 Description of the protocol aspects of the solution

New multislot classes are introduced in Release 5 in such way that the coding is fully backwards compatible with R97 to Release 4 networks.

Multislot classes are described in 3GPP TS 24.008, section 10.5.5.12a "MS Radio Access Capabilities".

A type 1 MS supporting extended multislot classes shall give its Multislot class as usual (1 to 12) for compatibility with release 97, 99 and 4 infrastructures and then adds an extension to this IE to indicate its extended multislot capability. This extension is called "Extended multislot class".

< Content > ::=


< RF Power Capability : bit (3) >

{ 0 | 1 <A5 bits : <A5 bits> > } -- zero means that the same values apply for parameters as in the immediately preceding Access capabilities field within this IE

-- The presence of the A5 bits is mandatory in the 1st Access capabilities struct within this IE.

< ES IND : bit >

< PS : bit >


< VGCS : bit >


< VBS : bit >


{ 0 | 1 < Multislot capability : Multislot capability struct > }  -- zero means that the same values for multislot parameters as given in an earlier Access capabilities field within this IE apply also here

{ 0 | 1 < 8PSK Power Capability : bit(2) >} – '1' also means 8PSK modulation capability in uplink.


<  COMPACT Interference Measurement Capability : bit >


< Revision Level Indicator : bit >


< UMTS FDD Radio Access Technology Capability : bit >    -- 3G RAT


< UMTS TDD Radio Access Technology Capability : bit >    -- 3G RAT


< CDMA 2000 Radio Access Technology Capability : bit >    -- 3G RAT


{ 0 | 1 <Extended multislot class : bit (3) > }


-- error: struct too short, assume features do not exist



-- error: struct too long, ignore data and jump to next Access technology

The structure gives one value from the following ones :

Extended

Multislot
Maximum number of slots
Minimum number of slots
Type

class
Rx
Tx
Sum
Tta
Ttb
Tra
Trb


30
5
a)
6
2
1
1
1
1

31
5
5
6
2
1
1
1
1

32
5
a)
6
2
1
1 b)
1 b)
1

33
5
5
6
2
1
1 b)
1 b)
1

34
6
a)
7
1
1
1 b)
0 b)
1

35
6
5
7
1
1
1 b)
0 b)
1

36
6
6
7
1
1
1 b)
0 b)
1

a) The Tx value is equal to the Tx value from the Multislot class.

b) A timing advance offset of 31 bits is used.

2.7 Advantages of the solution

The advantage of this solution is that it has a small system impact :

- In the MS : indicate the new multislot class supported. No other impact as the timing advance procedure is used as usual, so the shift of the uplink multiframe is completely transparent for the MS.

- In the BSS : decode new multislot classes and shift the uplink multiframe in the BTS. In the BTS, the timing advance algorithm has to add the ta_offset constant to each timing advance command sent to the MS and remove it from all timing advance values received from the MS.

- Full backwards compatibility as described in the next section.

- Throughput increase : comparing a multislot class 12 and extended multislot classes 5 gives the following throughput increase.

For a pure downlink data call :

Multislot class 12
Extended multislot class 5


Rx
Tx
Rx
Tx
Rx increase

4
1
6
1
50 %

For a speech + downlink data call :

Multislot class 12
Extended multislot class 5


Rx
Tx
Rx
Tx
Rx increase (data)

3

(2 data, 1 speech)
2
5

(4 data, 1 speech)
2
100 %

2.8 Backwards compatibility

Legacy MS in a cell supporting high multislot classes:

This situation is fully supported by the solution because a legacy MS, as any MS in the cell, will use the shifted UL multiframe. This will be transparent for the MS because this shift of the UL frame at the BTS is only a minimum value for Timing Advance. When the MS is close to the BTS, it will use a TA=31 bits. When the MS moves away, this TA will increase up to the border of the cell.

MS supporting high multislot classes in a legacy cell:

This situation is also fully supported by the solution because the high multislot class is only an addition to the usual multislot class (1 to 12). In a legacy cell, the MS supporting high multislot classes is handled using its legacy multislot class (1 to 12) and not its high multislot class. Of course the resource allocation will be limited to Sum=5 or less, depending on the legacy multislot class of the MS.

3 Conclusion

It is proposed to add new multislot classes to increase GPRS / EGPRS mobile type 1 capabilities to Sum=6 and Sum=7, with minimum impact in the BSS and the MS.

These new multislot classes are optional for the BSS and the MS and can be deployed on a cell per cell basis.

The solution is backwards compatible both for the network and the MS.

The throughput gain is 50 % for a pure unidirectional data call and up to 100 % if a speech call is established in parallel. 
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