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Multislot capabilities for dual carrier mobiles

1. Introduction

In previous meetings, the subject of multislot capabilities for dual carrier mobiles has been discussed. One assumption that has been agreed is that no new multislot classes should be defined for dual carrier mobiles. The simplest option would be to derive the multislot capabilities for dual carrier by simply doubling the maximum number of receive timeslots for the mobile station’s multislot class. At GERAN#30, a proposal was presented that allows to further increase that number [1]. In this contribution, an analysis of that proposal is carried out, and some recommendations on the possible way forward are made.

2. Choice of radio frequency channel parameters

2.1. Classes 4-7

For these multislot classes, the maximum number of receive timeslots is 3 (or 2 for class 5), and sum = 4. With dual carrier, just doubling the number of receive timeslots would increase the receive timeslots to 6, which is not much higher than what can already be achieved with single carrier mobiles (mobile terminals of classes 30-34, which are capable of receiving on up to 5 timeslots, are soon to appear on the market).

Also, for GPRS mobiles, nowadays Class 8 is the entry level, and most of the mobiles introduced in the market are Class 10, some are even Class 11 or 12. Furthermore, the chipsets for EGPRS terminals typically support multislot class 12. Hence Siemens believe that the turnaround parameters for these multislot classes can be considered as state of the art, and should be chosen as a minimum requirement for dual carrier mobiles. 

In [1] it is shown that with dual carrier, it could be possible to increase the maximum number of receive timeslots to 9, with sum = 10. Although this may be possible considering the RF parameters, it requires a considerable increase in the processing power of the baseband stages, which may not be justified for these types of handsets.

For these reasons, Siemens believe that it is not worth defining dual carrier capabilities for mobiles of multislot classes 4 to 7; dual carrier mobiles should have, as a minimum, capabilities (in terms of turnaround parameters) corresponding to multislot class 8.

2.2. Classes 8-12

Let’s first consider the single carrier case. In the case of an assignment with d=4, u=1, the arrangement is the following (Tra will apply):
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Figure 1
Note that this assignment would not be possible for a terminal of multislot class 9, for which the maximum value of d is 3.

In the case of dual carrier, the maximum number of receive timeslots could be simply doubled to 8. However, following the principles set out in [1], the maximum number of downlink timeslots can be increased to 10 while still respecting the switching parameters, as shown in the following figure:
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Figure 2
NOTE:
In this and the following diagrams it is assumed for simplicity that the mobile always transmits on carrier #1. However, as the mobile could be requested to transmit on either carrier, its transmitter could be tuned to one or the other ARFCN.

Note that the assignment in Figure 2 could be possible also for a mobile of multislot class 9 (in terms of turnaround parameters), even though the assignment in Figure 1 would not.

Note also that in this case the transmit timeslot is not in the same position as in the single carrier case. This has some consequences for BSIC decoding. During the idle frames, the situation would be the following:
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Figure 3
As there are only 9 timeslots free, normal BSIC decoding is not possible (see Table 6.4.2.2.1 of TS 45.002 [9]; this corresponds to an assignment where d=5 and u=1); hence the procedures described in subclause 10.1.1.2 of TS 45.008 [10] should be followed
.

The arrangement in Figure 2 is possible if the monitoring timeslots do not need to be contiguous (as proposed in [1]). If the timeslots need to be contiguous, then a possible alternative is the following:
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Figure 4
Figure 4 shows that it is still possible to increase the downlink throughput to more than double the single carrier equivalent, if the MS is capable of making a neighbour cell measurement using one receiver while receiving data on the other (see timeslot 0). However, in this case the max number of receive timeslots is 9 rather than 10.

One advantage of this configuration is that normal BSIC decoding will be possible since the MS can use one Rx chain for finishing the monitoring while the other Rx chain starts receiving from the serving cell. As can seen in Figure 5, the monitoring window is now 10 timeslots wide.
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Figure 5
The question is whether the arrangements shown in Figure 2 or Figure 4 (only one of the two) should be optional or mandatory for dual carrier mobiles. In other words, whether:

· a mobile station indicating dual carrier capability shall be able of supporting the timeslot configurations shown in Figure 2 or Figure 4; or

· a mobile station indicating dual carrier capability will support as a minimum twice the number of receive timeslots as those for its multislot class, and then it signals using a separate indication whether it supports the configurations shown in Figure 2 or Figure 4.

The second option requires an indication in the CM3 or MS RAC. Given that it would be desirable to avoid using additional bits if possible, one possibility could be to make use of the 2-bit field “Multislot Capability Reduction for Downlink Dual Carrier” in CM3/MSRAC as described in [6]. For example:

· the value ‘00’ could correspond to support of the arrangements shown in Figure 2 (i.e. max 10 Rx timeslots);

· the value ‘01’ could correspond to support of the arrangements shown in Figure 4 (i.e. max 9 Rx timeslots);

· the values ‘10’  could correspond to twice the number of timeslots for single carrier operation (i.e. max 8 Rx timeslots)

· ‘11’ could correspond to an effective reduction in maximum number of timeslots (e.g. max 6 Rx timeslots).

2.3. Class 12

Let’s consider the case of single carrier and an assignment with d=1, u=4, the arrangement is the following (Tta will apply):
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Figure 6
For dual carrier, the assignment with the maximum number of uplink timeslots possible is:
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Figure 7
Note that in this case Tra applies rather than Tta. It is interesting to see that in this case it is possible to have a symmetric connection (d=4, u=4), which could be useful in some scenarios. This would not be possible if the two measurement timeslots need to be contiguous.

2.4. Classes 30-34

For assignments for which u=1, the situation with dual carrier is the following:

[image: image8.emf]0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0


Figure 8
In this case it is not possible to do better (in terms of max number of receive timeslots) than doubling the number of timeslots for the single carrier case.

Note that, unlike in the single carrier case, monitoring is performed by the receiver of carrier 2, which has the possibility to switch to the frequency to be monitored while the mobile is transmitting on carrier 1.

Please note also that from network perspective, there is no difference between figure 7 and figure 2, or, in general, between downlink dual carrier MS derived from class 8-12 or from class 30-33. This will be further discussed in section 4.

2.5. Class 34

For the scenario where u=5, a possible assignment is the following:
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Figure 9
Even in this case it is not possible to do better than doubling the number of timeslots for the single carrier case. (Note that, as in the single carrier case, shifted USF will need to be used).

2.6. Class 45

Finally, possible assignments for a mobile station of multislot class 45 are shown. Figure 10 shows the case of single carrier (this assignment is valid also for multislot classes 40-44):
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Figure 10
Figure 11 shows the case of dual carrier
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Figure 11
Again, even in this case it is not possible to do better than doubling the number of timeslots for the single carrier case. This figure shows that the maximum number of Rx slots which a downlink dual carrier MS can support is 12.

A similar conclusion can be reached for the case in which d=1, u=6, which is shown in Figure 12 (shifted USF will need to be used):
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Figure 12
These configurations are challenging because of Tta=1. An assignment like the one in Figure 12 is only possible in small cells, because the timing advance will be limited to the values 31-63. A less challenging configuration, which could be valid also in larger cells is shown in Figure 13. For this configuration, Ttb=to and Tra=1 apply.
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Figure 13
In single carrier operation, an MS supporting this configuration would support multislot class 40-45, but in dual carrier operation the number of Rx slots would be one less than in Figure 11. For the timeslot immediately following the Tx slot, the network would be allowed to assign an Rx slot to only one of the Rx chains.

Single carrier mobiles of class 40-45 cannot perform normal BSIC decoding for certain configurations. However, for a dual carrier mobile of class 40-45 in single carrier operation, normal BSIC decoding will be possible if the MS uses the ‘inactive’ Rx chain for finishing the monitoring while the other Rx chain is starts receiving from the serving cell after the end of the idle frame.

3. Neighbour cell measurements

Looking at Figure 8, Figure 9, Figure 11 and Figure 12 it is possible to see that mobiles of multislot classes 30-45 might be able to perform 2 neighbour cell measurements per TDMA frame (one per each carrier), or could use both receivers during a search frame to perform BSIC reconfirmation/decoding. This could be beneficial in certain scenarios, as discussed in [5]. This could also be possible for mobiles of classes 8-12, but only for certain assignments, i.e. when 4 or less timeslots are assigned on each carrier (which would result in a reasonable trade-off between peak download data rate and mobility performance).

Additionally, when using only a single carrier, the mobile may wish to use the second transceiver to perform additional measurements. The improved performance, however, comes at the price of additional power consumption; hence this possibility should be left as an implementation option.

4. Performance in Single Carrier Operation

Comparing Figure 2 and Figure 8 it can be seen that the assigned timeslots are the same in both figures. One interesting consequence is that a mobile can benefit from its dual carrier capabilities, even when operating on a single carrier. Specifically, by using the spare receiver to perform measurements, it can in effect reduce the time required for receive(transmit and transmit(receive transitions (i.e. the effective Tta, Trb can be reduced). This increases the flexibility of allocation for the network, and increases the maximum number of downlink timeslots on which the mobile can receive.

However, a legacy (single carrier) network may not recognize the dual carrier capability indications in the CM3 and MS RAC. In order for the mobile to benefit from its DC capabilities, the mobile must be able to signal its capability in a backwards-compatible manner. This can be done by indicating a suitable multislot class in the CM3 and MS RAC, in other words by reporting the multislot class that correctly describes its maximum multislot capability in a single carrier network. For example, a dual carrier MS with Tx capability and synthesizer speed of a class 12 mobile could indicate that it is a class 33 mobile (the actual class will depend on the maximum the number of supported Tx slots).

However, how can a dual carrier capable network distinguish between a dual carrier mobile which indicates that it is class 12 and one that indicates class 33? In fact, this is not an issue, as in a dual carrier network the capabilities of such mobiles (and hence their treatment by the network) are identical (see section 2.4). Furthermore, this means that a dual carrier mobile whose receivers are derived from multislot class 12 hardware can benefit from an increased downlink capability in single carrier operation only if it reports class 33 in its CM3/MS RAC.

A table showing the possible options for class 8-12 mobiles is shown below:

	True Multislot class (switching times)
	Max Tx
	Dual Carrier Capable?
	Indicated multislot class: no use of 2nd receiver in SC operation
	Indicated multislot class: use of 2nd receiver in SC operation

	8 (3,1,2,1)
	1
	Y
	8
	30

	9 (3,1,2,1)
	2
	Y
	10 [note 1]
	31 [note 1]

	10 (3,1,2,1)
	2
	Y
	10
	31

	11 (3,1,2,1)
	3
	Y
	11
	32

	12 (2,1,2,1)
	4
	Y
	12
	33

	NOTE 1: A dual carrier class 9 mobile is equivalent to a class 10 mobile with baseband restriction and is not further considered.


As can be seen, a dual carrier mobile can reach a higher multislot class than the class of its transceivers. The advantage of a MS based on class 30-33 hardware is that it would be able to make two neighbour cell measurements during a TDMA frame in dual carrier operation (see section 3).

5. Dual Transfer Mode

The analysis carried out in the previous sections can be extended to DTM. In this section, some example assignments are provided. An example for class 43 is shown in subclause 7.6.1 the GERAN Evolution Feasibility Study [7].

5.1. Class 12

The assignment with the maximum number of uplink timeslots is the following:
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Figure 14
On the other hand, the assignment with the maximum number of downlink timeslots is the following:
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Figure 15
The assignments in the section are valid also for a class 33 mobile, with the only difference that the monitoring will be performed only on TS 7.

5.2. Class 34

The assignment with the maximum number of uplink timeslots is the following:
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Figure 16
This assignment is possible only assuming that the reception of an assigned USF on a given radio frequency channel can grant the mobile station uplink transmission on the other radio frequency channel (currently this is considered as FFS in TS 43.064); also shifted USF operation is required. Otherwise, the assignment with the maximum number of uplink timeslot is the same as the one shown in Figure 14.

On the other hand, the assignment with the maximum number of downlink timeslots is the same as the one shown in Figure 15.

6. Rules for the description of DC multislot capabilities

Currently, a mobile of a specified multislot class must support any combination of (d,u) such that d ≤ Rx, u ≤ Tx and 1 ≤ u+d ≤ Sum.

However, if defined as in [2], this will not work for DC mobiles. For example in the case shown in Figure 2 for which Sum(DC)=11, the formula would allow assignments such as 7+4, which are clearly not possible. For Dual Carrier, a new criterion could be the following:

1 ≤ di ≤ Rx’   i=1,2

u ≤ Tx’

u+di ≤ Sum’   i=1,2

d1 + d2 ≤ Sum”

where di is the number of receive timeslots assigned on carrier i, and Rx’ and Sum’ could be different from the values for the corresponding (single carrier) multislot class. Sum’ is the maximum value that the sum of the number of receive timeslots on either carrier and the number of transmit timeslots can take (it is not the overall number of uplink and downlink timeslots!). Sum” is the number of all assigned downlink timeslots, and may be limited to reflect the baseband capabilities of the mobile (see [3] and [4]). Note that both d1 and d2 need to be different from 0 in order for the assignment to be a dual carrier configuration. Note also that the inequalities above assume that the maximum number of receive timeslots on the two carriers is always the same; if this is not true (as in the case of Figure 4 and Figure 13), a slightly revised set of inequalities needs to be defined.

Furthermore, all receive timeslots (on both carriers) will need to be located within a window of size Rx. For example, in the case shown in Figure 17, despite the fact that 3 TS are assigned on each carrier, the window size is 5.
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Figure 17
One possible way to describe the inequalities above is shown in the following table:

	Indicated Multislot class
	RX for DC MS with BB 

Reduction (Treated as Multislot class)

	
	00
	01
	10
	11

	8
	10 (30) 3)
	9 (30) 1) 3)
	8 (8)
	6 (8)

	10
	10 (31) 3)
	9 (31) 1) 3)
	8 (10)
	6 (10)

	11
	10 (32) 3)
	9 (32) 1) 3)
	8 (11)
	6 (11)

	12
	10 (33) 3)
	9 (33) 1) 3)
	8 (12)
	6 (12)

	30
	10 (30)
	9 (30) 1)
	8 (30)
	6 (30)

	31
	10 (31)
	9 (31) 1)
	8 (31)
	6 (31)

	32
	10 (32)
	9 (32) 1)
	8 (32)
	6 (32)

	33
	10 (33)
	9 (33) 1)
	8 (33)
	6 (33)

	34
	10 (34)
	9 (34) 1)
	8 (34)
	6 (34)

	35
	10 (35)
	9 (35) 1)
	8 (35)
	6 (35)

	36
	10 (36)
	9 (36) 1)
	8 (36)
	6 (36)

	37
	10 (37)
	9 (37) 1)
	8 (37)
	6 (37)

	38
	10 (38)
	9 (38) 1)
	8 (38)
	6 (38)

	39
	10 (39)
	9 (39) 1)
	8 (39)
	6 (39)

	40
	12 (40)
	11 (40) 2)
	10 (40)
	8 (40)

	41
	12 (41)
	11 (41) 2)
	10 (41)
	8 (41)

	42
	12 (42)
	11 (42) 2)
	10 (42)
	8 (42)

	43
	12 (43)
	11 (43) 2)
	10 (43)
	8 (43)

	44
	12 (44)
	11 (44) 2)
	10 (44)
	8 (44)

	45
	12 (45)
	11 (45) 2)
	10 (45)
	8 (45)


Notes:

1) One receiver can start no earlier than 2 TS after the last Tx burst

2) One receiver can start no earlier than 1 TS after the last Tx burst

3) redundant configuration

Each column corresponds to a different value of the “Multislot Capability Reduction for Downlink Dual Carrier” IE in the CM3 or MS RAC (see [4]). For each combination of multislot class and Baseband Reduction Capability IE, a pair of numbers is given. The first number gives Sum’’, the maximum total number of receive timeslots; the number in brackets gives the multislot class that Rx’, Tx’ and Sum’ can be derived from (they correspond to Rx, Tx and Sum for that multislot class, as given in Table B.1 of TS 45.002 [9]; the table is also repeated in the Appendix).

A draft CR to TS 45.002 reflecting the principles outlined in this section can be found in [8].

7. Conclusions

In this document, several considerations about the definition of multislot capabilities for dual carrier mobiles have been presented. It is proposed that these are discussed and some working assumptions are agreed.
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Appendix - MS Multislot Classes

The following table has been copied from Annex B of TS 45.002 [9]:

	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	

	1
	1
	1
	2
	3
	2
	4
	2
	1

	2
	2
	1
	3
	3
	2
	3
	1
	1

	3
	2
	2
	3
	3
	2
	3
	1
	1

	4
	3
	1
	4
	3
	1
	3
	1
	1

	5
	2
	2
	4
	3
	1
	3
	1
	1

	6
	3
	2
	4
	3
	1
	3
	1
	1

	7
	3
	3
	4
	3
	1
	3
	1
	1

	8
	4
	1
	5
	3
	1
	2
	1
	1

	9
	3
	2
	5
	3
	1
	2
	1
	1

	10
	4
	2
	5
	3
	1
	2
	1
	1

	11
	4
	3
	5
	3
	1
	2
	1
	1

	12
	4
	4
	5
	2
	1
	2
	1
	1

	13
	3
	3
	NA
	NA
	a)
	3
	a)
	2

	14
	4
	4
	NA
	NA
	a)
	3
	a)
	2

	15
	5
	5
	NA
	NA
	a)
	3
	a)
	2

	16
	6
	6
	NA
	NA
	a)
	2
	a)
	2

	17
	7
	7
	NA
	NA
	a)
	1
	0
	2

	18
	8
	8
	NA
	NA
	0
	0
	0
	2

	19
	6
	2
	NA
	3
	b)
	2
	c)
	1

	20
	6
	3
	NA
	3
	b)
	2
	c)
	1

	21
	6
	4
	NA
	3
	b)
	2
	c)
	1

	22
	6
	4
	NA
	2
	b)
	2
	c)
	1

	23
	6
	6
	NA
	2
	b)
	2
	c)
	1

	24
	8
	2
	NA
	3
	b)
	2
	c)
	1

	25
	8
	3
	NA
	3
	b)
	2
	c)
	1

	26
	8
	4
	NA
	3
	b)
	2
	c)
	1

	27
	8
	4
	NA
	2
	b)
	2
	c)
	1

	28
	8
	6
	NA
	2
	b)
	2
	c)
	1

	29
	8
	8
	NA
	2
	b)
	2
	c)
	1

	30
	5
	1
	6
	2
	1
	1
	1
	1

	31
	5
	2
	6
	2
	1
	1
	1
	1

	32
	5
	3
	6
	2
	1
	1
	1
	1

	33
	5
	4
	6
	2
	1
	1
	1
	1

	34
	5
	5
	6
	2
	1
	1
	1
	1

	35
	5
	1
	6
	2
	1
	1+to
	1
	1

	36
	5
	2
	6
	2
	1
	1+to
	1
	1

	37
	5
	3
	6
	2
	1
	1+to
	1
	1

	38
	5
	4
	6
	2
	1
	1+to
	1
	1

	39
	5
	5
	6
	2
	1
	1+to
	1
	1

	40
	6
	1
	7
	1
	1
	1
	to
	1

	41
	6
	2
	7
	1
	1
	1
	to
	1

	42
	6
	3
	7
	1
	1
	1
	to
	1

	43
	6
	4
	7
	1
	1
	1
	to
	1

	44
	6
	5
	7
	1
	1
	1
	to
	1

	45
	6
	6
	7
	1
	1
	1
	to
	1


a)
= 1 with frequency hopping.


= 0 without frequency hopping.

b)
= 1 with frequency hopping or change from Rx to Tx.


= 0 without frequency hopping and no change from Rx to Tx.

c)
= 1 with frequency hopping or change from Tx to Rx.


= 0 without frequency hopping and no change from Tx to Rx.

to
= 31 symbol periods (this can be provided by a TA offset, i.e. a minimum TA value).

� However, if the second receiver is used for BSIC decoding, it could be possible to start receiving at the end of the transmit timeslot (i.e. no switching time after transmission), so the actual measurement window would be slightly larger than in the single carrier case. But in some scenarios this may still not be enough for successful decoding.
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