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1. Introduction

Mixed modulation USF has been presented as a method to overcome throughput limitations in the case of RTTI with BTTI USF by dropping the current requirement to use the same modulation scheme in the first and the second 10 ms interval. The investigations on throughput gains in [1] focus on the MSs which receive the payload data. However, in addition to the current requirement that the same modulation scheme is used in both 10 ms intervals, the modulation scheme must also fit to the MSs receiving the USFs. To check the impact of this restriction on the throughput gains from mixed modulation USF, a simple scenario is analysed in this contribution. 
2. Throughput gains with mixed modulation USF
In ‎[1] gains are shown for some scenarios when mixed modulation USF is used. However, the analysis in ‎[1] consists of only certain multiplexing scenarios. Especially not all the restrictions of scheduling downlink blocks in case of BTTI and RTTI mobiles multiplexed on the same resource are taken into account. The case of multiplexing RTTI and BTTI mobiles is depicted here in Figure 1 which is based on Figure 5 from ‎[1]. 
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Figure 1: Multiplexing example

From Figure 1, it is evident that for each scheduling instance, the scheduler has to decide on the modulations of the 1st 10ms and the 2nd 10ms so that the following are satisfied. 

1. The mobile to which the blue USF is addressed shall support the modulation selected on TS#0 and
2. the mobile to which the green USF is addressed shall support the modulation selected on TS#1 and

3. the modulation in the 1st 10ms shall suit the mobile to which the yellow data block is addressed under the current radio conditions and 

4. the modulation in the 2nd 10ms shall suit the mobile to which the red data block is addressed under the current radio conditions,
i.e. the overall choice of the modulation scheme in the 8 bursts must take into account up to 4 different mobiles of potentially different capabilities!

With mixed modulation USF, the 4 bursts in the 1st 10ms need not be of the same modulation as the ones in the 2nd 10ms. Hence, the restriction reduces to the following: 

The modulation selected in the 1st 10 ms must suit up to 3 different mobiles 
1. The mobile receiving the blue USF

2. The mobile receiving the yellow RTTI block

3. The mobile receiving the green USF

Similarly, the modulation selected in the 2nd 10 ms must suit again up to 3 different mobiles

1. The mobile receiving the blue USF

2. The mobile receiving the red RTTI block

3. The mobile receiving the green USF

Thus as can be seen for the scheduler the decision is between up to 3 mobiles at any instance in time and not up to 4 as before. This reduction of restrictions can improve the throughput in selected constellations. However, in most scenarios, mixed modulation USF would result in not much difference in the throughput on an average. This is illustrated in the following exercise. 

Consider the scenario where 3 mobiles are multiplexed on the downlink, 2 of which are RTTI and one is a BTTI mobile. The assumed capabilities of the mobiles are: Mobile 1 supports only BTTI and EGPRS, Mobile 2 supports RTTI and EGPRS2-A, and Mobile 3 supports RTTI and EGPRS2-B. The BLERs of various MCSs in question are shown in Table 1 (note these are taken considering a high C/I of 35 dB and TU 3 idFH for all MS): 

Table 1: Throughput of MCSs in question in kbit/s
	 
	MCS-9
	DAS-12
	DAS-12 pad
	DBS-12
	DAS-7

	Ideal Tput
	59.2
	98.4
	88.8
	118.4
	32.8

	BLER
	0.0001
	0.0629
	0.0629
	0.1017
	0

	Real Tput
	59.19408
	92.21064
	83.21448
	106.35872
	32.8


In the header of table 2, there is a line for each mobile showing how the modulation and coding scheme and the corresponding throughput depends on the allowed modulation schemes.

Now an equal distribution of all possible resource allocations is considered for the case that the RLC data is addressed to one of the RTTI MS. 20 ms periods of time during which payload is sent to Mobile 1 are not covered since mixed modulation USF provides a benefit only when payload is transmitted in RTTI mode. Including also the cases of payload transmission to Mobile 1 would reduce the calculated average throughput increase by mixed modulation USF. Table 2 below shows the throughput possible in each case. The colours above the columns referring to MS numbers correspond to the colours used in figure 1.
Table 2: Throughput comparison (scenario 1, in kbit/s)

[image: image2.emf]MS number full throughput max. 32-QAM NSR max. 8-PSK

1BTTI EGPRS 59.2MCS-9 59.2MCS-9 59.2MCS-9

2RTTI EGPRS2-A 92.2DAS-12 92.2DAS-12 32.8DAS-7

3RTTI EGPRS2-B 106.4DBS-12 83.2DAS-12pad 59.2MCS-9
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2 2 1 1 32.8 32.8 32.8 32.8

2 2 1 2 32.8 32.8 32.8 32.8

2 2 1 3 32.8 32.8 32.8 32.8

2 2 2 1 32.8 32.8 32.8 32.8

2 2 2 2 92.2 92.2 92.2 92.2

2 2 2 3 92.2 92.2 92.2 92.2

2 2 3 1 32.8 32.8 32.8 32.8

2 2 3 2 92.2 92.2 92.2 92.2

2 2 3 3 92.2 92.2 92.2 92.2

2 3 1 1 32.8 59.2 32.8 59.2

2 3 1 2 32.8 59.2 32.8 59.2

2 3 1 3 32.8 59.2 32.8 59.2

2 3 2 1 32.8 59.2 32.8 59.2

2 3 2 2 92.2 83.2 92.2 83.2

2 3 2 3 92.2 83.2 92.2 83.2

2 3 3 1 32.8 59.2 32.8 59.2

2 3 3 2 92.2 83.2 92.2 83.2

2 3 3 3 92.2 106.4 92.2 83.2

3 2 1 1 59.2 32.8 59.2 32.8

3 2 1 2 59.2 32.8 59.2 32.8

3 2 1 3 59.2 32.8 59.2 32.8

3 2 2 1 59.2 32.8 59.2 32.8

3 2 2 2 83.2 92.2 83.2 92.2

3 2 2 3 83.2 92.2 83.2 92.2

3 2 3 1 59.2 32.8 59.2 32.8

3 2 3 2 83.2 92.2 83.2 92.2

3 2 3 3 106.4 92.2 83.2 92.2

3 3 1 1 59.2 59.2 59.2 59.2

3 3 1 2 59.2 59.2 59.2 59.2

3 3 1 3 59.2 59.2 59.2 59.2

3 3 2 1 59.2 59.2 59.2 59.2

3 3 2 2 83.2 83.2 83.2 83.2

3 3 2 3 83.2 83.2 83.2 83.2

3 3 3 1 59.2 59.2 59.2 59.2

3 3 3 2 83.2 83.2 83.2 83.2

3 3 3 3 106.4 106.4 106.4 106.4

average throughput 65.8 65.8 65.2 65.2


From the 36 cases above, there are only 2 in which mixed modulation USF improves the throughput. These are marked with green font.
It should be noted that there are certain cases in the above table that would work only if the uplink was running in BTTI mode. For example consider the case when USF on TS#0 is allocated to mobile 1 and USF on TS#1 is allocated to mobile 2. Now if mobile 2 is running in RTTI mode in uplink then it can’t transmit an RTTI block in the second 20ms period because the bursts on TS#0 in the 2nd 10ms are already used by the BTTI mobile transmitting in the uplink. However, if the mobile 2 were operating in BTTI mode in uplink the above scenario would still be valid. 
Now considering the scenario of RTTI mobiles in DL also using RTTI mode in uplink, 16 combinations in the above table become invalid. These are removed from the table 3 below and the average throughput is calculated for only the valid combinations.

Table 3: Throughput comparison (scenario 2, in kbit/s)
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1BTTI EGPRS 59.2MCS-9 59.2MCS-9 59.2MCS-9

2RTTI EGPRS2-A 92.2DAS-12 92.2DAS-12 32.8DAS-7

3RTTI EGPRS2-B 106.4DBS-12 83.2DAS-12pad 59.2MCS-9
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2 2 1 1 32.8 32.8 32.8 32.8

2 2 1 2

2 2 1 3

2 2 2 1

2 2 2 2 92.2 92.2 92.2 92.2

2 2 2 3 92.2 92.2 92.2 92.2

2 2 3 1

2 2 3 2 92.2 92.2 92.2 92.2

2 2 3 3 92.2 92.2 92.2 92.2

2 3 1 1 32.8 59.2 32.8 59.2

2 3 1 2

2 3 1 3

2 3 2 1

2 3 2 2 92.2 83.2 92.2 83.2

2 3 2 3 92.2 83.2 92.2 83.2

2 3 3 1

2 3 3 2 92.2 83.2 92.2 83.2

2 3 3 3 92.2 106.4 92.2 83.2

3 2 1 1 59.2 32.8 59.2 32.8

3 2 1 2

3 2 1 3

3 2 2 1

3 2 2 2 83.2 92.2 83.2 92.2

3 2 2 3 83.2 92.2 83.2 92.2

3 2 3 1

3 2 3 2 83.2 92.2 83.2 92.2

3 2 3 3 106.4 92.2 83.2 92.2

3 3 1 1 59.2 59.2 59.2 59.2

3 3 1 2

3 3 1 3

3 3 2 1

3 3 2 2 83.2 83.2 83.2 83.2

3 3 2 3 83.2 83.2 83.2 83.2

3 3 3 1

3 3 3 2 83.2 83.2 83.2 83.2

3 3 3 3 106.4 106.4 106.4 106.4

average throughput 81.7 81.7 80.5 80.5


It can be seen from the above analysis that the overall throughput gains with mixed modulation USF are quite negligible on an average for the depicted scenario. 
In most of the remaining cases, the throughput of the payload is limited by the MSs receiving the USFs. These suboptimum cases are shown in Table 3 above with light orange background colour.

If the suboptimum cases are excluded from averaging, only seven lines will remain. They are shown in Table 4 below. However, this will put severe restrictions on the allocation and may offset the latency gains from RTTI!
Table 4: Throughput comparison (scenario 3, in kbit/s)
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1BTTI EGPRS 59.2MCS-9 59.2MCS-9 59.2MCS-9

2RTTI EGPRS2-A 92.2DAS-12 92.2DAS-12 32.8DAS-7
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2 2 1 2
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2 2 2 2 92.2 92.2 92.2 92.2

2 2 2 3 92.2 92.2 92.2 92.2

2 2 3 1

2 2 3 2 92.2 92.2 92.2 92.2
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2 3 1 1

2 3 1 2
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2 3 2 1

2 3 2 2
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2 3 3 1
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3 2 1 1

3 2 1 2

3 2 1 3

3 2 2 1

3 2 2 2

3 2 2 3

3 2 3 1

3 2 3 2

3 2 3 3 106.4 92.2 83.2 92.2

3 3 1 1

3 3 1 2

3 3 1 3

3 3 2 1

3 3 2 2

3 3 2 3

3 3 3 1
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The overall throughput gain from mixed modulation USF is more pronounced when only throughput optimised combinations are considered, but even here, it materialises in only 2 out of 7 cases. Please remember that the average gain from mixed modulation USF will further decrease when taking the payload addressed to MS number 1 into account.
3. Conclusion

In this contribution the throughput benefits from mixed modulation USF are compared for a simple scheduler. It is observed that in the considered scenario, there is little overall throughput benefit from mixed modulation USF. The reason for that is that mixed modulation USF provides only a benefit when

· payload is sent to RTTI MSs and 

· on top of that, the highest modulation scheme that suits the MSs addressed in the first 10 ms is different from the highest modulation scheme that suits the MSs addressed in the second 10 ms.

The MSs addressed in the first 10 ms are

· the MS receiving the payload in the first 10 ms,

· the MS to which the USF on the first timeslot is allocated and

· the MS to which the USF on the second timeslot is allocated.

The MSs addressed in the second 10 ms are

· the MS receiving the payload in the second 10 ms,

· the MS to which the USF on the first timeslot is allocated and

· the MS to which the USF on the second timeslot is allocated.


Hence two out of three MSs restricting the selection of modulation schemes are the same in the first and in the second 10 ms periods.

Other scheduling strategies and scenarios than those considered in this document could lead to different results, but despite the link throughput gain with mixed modulation USF shown in [1] for special constellations, it is expected that any increase of system level throughput would be marginal.
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Tabelle1

				MS number						full throughput (low BLER)				max. 32-QAM NSR				max. 8-PSK

				1		BTTI		EGPRS		59.2		MCS-9		59.2		MCS-9		59.2		MCS-9

				2		RTTI		EGPRS2-A		92.2		DAS-12		92.2		DAS-12		32.8		DAS-7

				3		RTTI		EGPRS2-B		106.4		DBS-12		83.2		DAS-12pad		59.2		MCS-9

						RLC data in
1st 10 ms for MS number		RLC data in
2nd 10 ms for MS number		BTTI USF on
TS#0 for MS number		BTTI USF on
TS#1 for MS number		throughput in
1st 10 ms with
MixedModUSF		throughput in
2nd 10 ms with
MixedModUSF		throughput in
1st 10 ms without
MixedModUSF		throughput in
2nd 10 ms without
MixedModUSF

						2		2		1		1

						2		2		1		2

						2		2		1		3

						2		2		2		1

						2		2		2		2		92.2		92.2		92.2		92.2

						2		2		2		3		92.2		92.2		92.2		92.2

						2		2		3		1

						2		2		3		2		92.2		92.2		92.2		92.2

						2		2		3		3		92.2		92.2		92.2		92.2

						2		3		1		1

						2		3		1		2

						2		3		1		3

						2		3		2		1

						2		3		2		2

						2		3		2		3

						2		3		3		1

						2		3		3		2

						2		3		3		3		92.2		106.4		92.2		83.2

						3		2		1		1

						3		2		1		2

						3		2		1		3

						3		2		2		1

						3		2		2		2

						3		2		2		3

						3		2		3		1

						3		2		3		2

						3		2		3		3		106.4		92.2		83.2		92.2

						3		3		1		1

						3		3		1		2

						3		3		1		3

						3		3		2		1

						3		3		2		2

						3		3		2		3

						3		3		3		1

						3		3		3		2

						3		3		3		3		106.4		106.4		106.4		106.4

												average throughput		96.3		96.3		92.9		92.9
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Tabelle1

				MS number						full throughput				max. 32-QAM NSR				max. 8-PSK

				1		BTTI		EGPRS		59.2		MCS-9		59.2		MCS-9		59.2		MCS-9

				2		RTTI		EGPRS2-A		92.2		DAS-12		92.2		DAS-12		32.8		DAS-7

				3		RTTI		EGPRS2-B		106.4		DBS-12		83.2		DAS-12pad		59.2		MCS-9

						RLC data in
1st 10 ms for MS number		RLC data in
2nd 10 ms for MS number		BTTI USF on
TS#0 for MS number		BTTI USF on
TS#1 for MS number		throughput in
1st 10 ms with
MixedModUSF		throughput in
2nd 10 ms with
MixedModUSF		throughput in
1st 10 ms without
MixedModUSF		throughput in
2nd 10 ms without
MixedModUSF

						2		2		1		1		32.8		32.8		32.8		32.8

						2		2		1		2

						2		2		1		3

						2		2		2		1

						2		2		2		2		92.2		92.2		92.2		92.2

						2		2		2		3		92.2		92.2		92.2		92.2

						2		2		3		1

						2		2		3		2		92.2		92.2		92.2		92.2

						2		2		3		3		92.2		92.2		92.2		92.2

						2		3		1		1		32.8		59.2		32.8		59.2

						2		3		1		2

						2		3		1		3

						2		3		2		1

						2		3		2		2		92.2		83.2		92.2		83.2

						2		3		2		3		92.2		83.2		92.2		83.2

						2		3		3		1

						2		3		3		2		92.2		83.2		92.2		83.2

						2		3		3		3		92.2		106.4		92.2		83.2

						3		2		1		1		59.2		32.8		59.2		32.8

						3		2		1		2

						3		2		1		3

						3		2		2		1

						3		2		2		2		83.2		92.2		83.2		92.2

						3		2		2		3		83.2		92.2		83.2		92.2

						3		2		3		1

						3		2		3		2		83.2		92.2		83.2		92.2

						3		2		3		3		106.4		92.2		83.2		92.2

						3		3		1		1		59.2		59.2		59.2		59.2

						3		3		1		2

						3		3		1		3

						3		3		2		1

						3		3		2		2		83.2		83.2		83.2		83.2

						3		3		2		3		83.2		83.2		83.2		83.2

						3		3		3		1

						3		3		3		2		83.2		83.2		83.2		83.2

						3		3		3		3		106.4		106.4		106.4		106.4

												average throughput		81.7		81.7		80.5		80.5
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Tabelle1

				MS number						full throughput				max. 32-QAM NSR				max. 8-PSK

				1		BTTI		EGPRS		59.2		MCS-9		59.2		MCS-9		59.2		MCS-9

				2		RTTI		EGPRS2-A		92.2		DAS-12		92.2		DAS-12		32.8		DAS-7

				3		RTTI		EGPRS2-B		106.4		DBS-12		83.2		DAS-12pad		59.2		MCS-9

						RLC data in
1st 10 ms for MS number		RLC data in
2nd 10 ms for MS number		BTTI USF on
TS#0 for MS number		BTTI USF on
TS#1 for MS number		throughput in
1st 10 ms with
MixedModUSF		throughput in
2nd 10 ms with
MixedModUSF		throughput in
1st 10 ms without
MixedModUSF		throughput in
2nd 10 ms without
MixedModUSF

						2		2		1		1		32.8		32.8		32.8		32.8

						2		2		1		2		32.8		32.8		32.8		32.8

						2		2		1		3		32.8		32.8		32.8		32.8

						2		2		2		1		32.8		32.8		32.8		32.8

						2		2		2		2		92.2		92.2		92.2		92.2

						2		2		2		3		92.2		92.2		92.2		92.2

						2		2		3		1		32.8		32.8		32.8		32.8

						2		2		3		2		92.2		92.2		92.2		92.2

						2		2		3		3		92.2		92.2		92.2		92.2

						2		3		1		1		32.8		59.2		32.8		59.2

						2		3		1		2		32.8		59.2		32.8		59.2

						2		3		1		3		32.8		59.2		32.8		59.2

						2		3		2		1		32.8		59.2		32.8		59.2

						2		3		2		2		92.2		83.2		92.2		83.2

						2		3		2		3		92.2		83.2		92.2		83.2

						2		3		3		1		32.8		59.2		32.8		59.2

						2		3		3		2		92.2		83.2		92.2		83.2

						2		3		3		3		92.2		106.4		92.2		83.2

						3		2		1		1		59.2		32.8		59.2		32.8

						3		2		1		2		59.2		32.8		59.2		32.8

						3		2		1		3		59.2		32.8		59.2		32.8

						3		2		2		1		59.2		32.8		59.2		32.8

						3		2		2		2		83.2		92.2		83.2		92.2

						3		2		2		3		83.2		92.2		83.2		92.2

						3		2		3		1		59.2		32.8		59.2		32.8

						3		2		3		2		83.2		92.2		83.2		92.2

						3		2		3		3		106.4		92.2		83.2		92.2

						3		3		1		1		59.2		59.2		59.2		59.2

						3		3		1		2		59.2		59.2		59.2		59.2

						3		3		1		3		59.2		59.2		59.2		59.2

						3		3		2		1		59.2		59.2		59.2		59.2

						3		3		2		2		83.2		83.2		83.2		83.2

						3		3		2		3		83.2		83.2		83.2		83.2

						3		3		3		1		59.2		59.2		59.2		59.2

						3		3		3		2		83.2		83.2		83.2		83.2

						3		3		3		3		106.4		106.4		106.4		106.4

												average throughput		65.8		65.8		65.2		65.2






