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MCS re-design for SPEED
1 Introduction

In the objectives of the SPEED study item it is stated that “all channel coding definitions will be kept intact except for DAS-12 and DBS-12 where additional enhancements are to be investigated”.
This statement was added to the WID based on the investigation in [1] where 64QAM only modulated MCSs were considered, lowering the code rate compared to the 32QAM only modulated DAS-12 and DBS-12.
In this contribution the possibility of using the same approach to the other 16QAM and 32QAM modulated MCSs of PCE2-A and PCE2-B are investigated.

The document is an update of [8]. Updates include an extension of the MCSs investigated, impacts of PAR reduction and performance in other channel profiles.

2 Background

The choice of modulation and coding for a specific MCS will be dependent mainly on the payload size. In general it can be stated that the larger the payload the higher the modulation order. However for some MCSs the choice of modulation is not clear. There will be a trade off between stepping up the modulation order and decreasing the code rate compared to having a lower modulation order and higher code rate.
This trade off was for example studied for EGPRS2 where some of the MCSs for EGPRS were shown to improve performance if 16QAM modulation was used instead of 8PSK, see [4]. This is shown in Table 1.
Table 1. MCS with same payload in both EGPRS and EGPRS2-A.
	MCS EGPRS
	MCS EGPRS2-A
	Payload size [bytes]

	MCS-7 (8PSK)
	DAS-8 (16QAM)
	2x56

	MCS-8 (8PSK)
	DAS-9 (16QAM)
	2x68


The same approach has been taken for Single Block Precoded EGPRS2 for the highest MCSs of each EGPRS2 set, as shown in Table 2, see [11].
Table 2. MCS with same payload in both EGPRS2 and PC EGPRS2.

	MCS EGPRS2
	MCS PC EGPRS2
	Payload size [bytes]

	DAS-12 (32QAM, NSR)
	DAS-12b (64QAM, NSR)
	3x82

	DBS-12 (32QAM, HSR)
	DBS-12b (64QAM, HSR)
	4x56


3 MCS re-design for 16QAM and 32QAM MCSs
3.1 Impact on puncturing schemes and code rate
To see the possibility of performance improvement for other MCSs than DAS-12 / DBS-12, the use of 32QAM has been investigated for DAS-8/9 and DBS-7/9 and the use of 64QAM for DAS-10/11 and DBS-10/11.
Only single modulation MCSs has been considered, i.e. no mixed mode modulation has been used, see [5], except for the re-design of DAS-11 where the design from [2] has been re-used.
The impact on the code rate and puncturing schemes by using a higher order modulation is shown in Table 3 and Table 4 for each MCS.

Table 3. MCS re-design for PCE2-A.

	MCS
	Modulation
	Code rate
	# puncturing schemes

	DAS-8
	16QAM
	0.56
	2

	DAS-8b
	32QAM
	0.44
	2

	DAS-9
	16QAM
	0.68
	3

	DAS-9b
	32QAM
	0.53
	2

	DAS-10
	32QAM
	0.64
	2

	DAS-10b
	64QAM
	0.52
	2

	DAS-11
	32QAM
	0.81
	3

	DAS-11b
	64QAM
	0.66
	2

	DAS-12
	32QAM
	0.96
	3

	DAS-12b
	64QAM
	0.79
	3


Table 4. MCS re-design for PCE2-B.

	MCS
	Modulation
	Code rate
	# puncturing schemes

	DBS-7
	16QAM
	0.47
	2

	DBS-7b
	32QAM
	0.37
	2

	DBS-8
	16QAM
	0.60
	2

	DBS-8b
	32QAM
	0.48
	2

	DBS-9
	16QAM
	0.71
	3

	DBS-9b
	32QAM
	0.55
	2

	DBS-10
	32QAM
	0.73
	3

	DBS-10b
	64QAM
	0.60
	2

	DBS-11
	32QAM
	0.91
	3

	DBS-11b
	64QAM
	0.74
	3

	DBS-12
	32QAM
	0.98
	3

	DBS-12b
	64QAM
	0.81
	3


It can be seen that, apart from the reduction in code rate, the number of puncturing schemes needed for DAS-9/11 and DBS-9/10 are also reduced from 3 to 2.
In this investigation the channel coding of the header/USF/SF is assumed to be the same as for the 32QAM modulated MCSs. This is similar to what has been done for DAS-12/DBS-12. Since the precoding modulation allows for more flexibility in the burst format this is seen sufficient (i.e. header bits can be placed on strong sub carriers if needed, as shown in [2]).

3.2 Impact on channel coding definitions
In this subclause the impact to channel coding is described.
USF & SF & Header

No impact foreseen.

Data
The impact on coding of the data for DAS-10/11/12 is shown in Figure 1. It can be seen that for DAS-11 one puncturing scheme can be removed due to the lower code rate. Also the same interleaver can be used for DAS-11 and DAS-12 due to the lower code rate of both MCSs.
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Figure 1. Impact on data channel coding for EGPRS2-A when using 64QAM modulation.

Similar changes, as shown in Figure 1, apply also to the other MCSs considered when changing the modulation.

In the evaluation the puncturing schemes have been generated with the algorithm for turbo codes described in [9]. Also the interleaver has been designed according to Interleaver type 1 in [9].
The burst mapping described in [3] has been applied in a similar manner on the re-designed MCSs with the MCS specific parameters on bit swap and burst shift listed in the Annex.
4 Results

4.1  Simulation assumptions

Table 5. Simulation assumptions
	Parameter
	Value

	MCSs
	DAS5-11, DAS-8-12b, 

DBS7-11, DBS-7-12b, 

	TSC placement
	According to [6]

	Burst length
	According to [7]

	Burst mapping (DAS-5-11 & DBS-5-11)
	According to [3]

	Burst mapping (DAS-12b & DBS-12b)
	According to [2]

	CP length
	PCE2A: 6

PCE2B: 9

	RX BW
	PCE2A: 280 kHz

PCE2B: 340 kHz

	Channel propagation
	TU3nFH

TU50nFH

HT100nFH

RA250nFH

	Interference/noise
	AWGN

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	10000

	Max transmissions for IR
	No IR

	Soft clipping
	ON, at 6 dB target PAR
[10]

	Hard clipping
	OFF

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]
  - PA model
  - Frequency error [Hz]
	Tx/Rx
0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40
On/ - 
   -/25           


4.2  Results
4.2.1  PC EGPRS2-A
In Figure 2 the performance of PC EGPRS2-A is shown. In addition performance for DAS-8/9/10/11b is shown. It can be seen that the performance is improved roughly 2 dB for DAS-11b compared to DAS-11 for TU50nFH, sensitivity, while lower improvements are seen for lower MCSs. For TU50nFH ACI larger improvements are seen, also for the full range of MCSs. It should be noted that all results are shown including impacts of clipping to a PAR of 6 dB.
More channel conditions have been investigated in the Annex with similar observations on performance.
A similar trend was also seen for EGPRS MCSs MCS-7/8/9 when changing to 16QAM modulation in [4]. I.e. the more the channel coding protection is at the lower modulation order the smaller the additional gain is of going to a higher modulation order.
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Figure 2. Ideal LA throughput of PCE2-A and PCE2-A with modified MCSs, TU3nFH, TU50nFH, HT100nFH, RA250nFH.

4.2.2 PC EGPRS2-B
In Figure 3 the same investigation has been performed for DBS-7/8/9/10/11b. It can be seen that the throughput envelop is also in this case improved especially for DBS-11b with the largest improvements for TU50nFH, ACI.
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Figure 3. Ideal LA throughput of PCE2-B and PCE2-B with modified MCSs, TU50nFH, IR.

5 Impact of PAR reduction

When increasing the modulation order the MCS might get more sensitive to impairments, e.g. caused by PAR reduction methods. In the tables below MCSs have been investigated in channel propagation TU50nFH with the soft clipping method described in [10] achieving a PAR of 6 dB. In the Annex the same exercise has been performed for HT100nFH.
Table 6. Impact on PAR reduction for PCE2-A.
	MCS
	Data BLER@10% [Es/N0]

	
	No clipping
	PAR 6.0 dB
	Impact of clipping [dB]
	MCS diff incl. clipping

	DAS-8
	15.5
	15.6
	-0.1
	-0.1

	DAS-8b
	15.5
	15.7
	-0.2
	

	DAS-9
	18.3
	18.5
	-0.2
	+0.7

	DAS-9b
	17.5
	17.8
	-0.3
	

	DAS-10
	20.3
	20.6
	-0.3
	+0.8

	DAS-10b
	19.5
	19.8
	-0.3
	

	DAS-11
	25.2
	25.9
	-0.7
	+1.9

	DAS-11b
	23.1
	24.0
	-0.9
	


Table 7. Impact on PAR reduction for PCE2-B.
	MCS
	Data BLER@10% [Es/N0]

	
	No clipping
	PAR 6.0 dB
	Impact of clipping[dB]
	MCS diff incl. clipping

	DBS-7
	14.4
	14.5
	-0.1
	+0.2

	DBS-7b
	14.5
	14.7
	-0.2
	

	DBS-8
	18.2
	18.3
	-0.1
	+0.5

	DBS-8b
	17.5
	17.8
	-0.3
	

	DBS-9
	20.9
	21.0
	-0.1
	+1.3

	DBS-9b
	19.2
	19.7
	-0.5
	

	DBS-10
	24.5
	24.9
	-0.4
	+1.1

	DBS-10b
	22.8
	23.8
	-1.0
	

	DBS-11*
	29.3
	30.2
	-0.9
	+4.0

	DBS-11b*
	24.8
	26.2
	-1.4
	


        * At 30% BLER.
It can be see that the re-designed MCSs with HOM generally are more impacted by clipping but considering the improved gain from channel coding there are still clear gains for DAS-9b/11b and DBS-9b/10b/11b. The performance at HT100nFH is shown in the Annex where similar gains are seen except for DBS-10b/11b where performance losses are observed.
6 Discussion

The contribution investigates the possible performance improvement of Precoded EGPRS2 by applying 32QAM or 64QAM modulation to DAS-8-11 and DBS-7-11 of PCE2-A and PCE2-B respectively.

Gains have been seen in all channel propagation condition and in different interference scenarios, especially for the highest MCSs investigated, i.e. DAS-11b and DBS-11b. Also clear gains have been seen for the MCS with lowest code rate for 16QAM, i.e. DAS-9b and DBS-9b for PCE2-A and PCE2-B respectively. 

The impact on the channel coding was also studied where the need for new puncturing schemes and interleavers were identified for data, but also that designs for DAS-12b/DBS-12b could be re-used for DAS-11b/DBS-11b and the number of puncturing schemes could be reduced for some MCSs. The channel coding of header/SF/USF is still considered to be kept intact.
7 Conclusion

Based on these findings it is proposed to allow for investigations on channel coding modifications for the 32QAM modulated MCSs DAS-11 and DBS-11 (in addition to DAS-12 and DBS-12 already in the scope of the SPEED study) to fully exploit the benefits of Precoded EGPRS2.
This is seen as a modest increase in complexity since synergy effects can be found with DAS-12b/DBS-12b with respect to burst mapping and interleaving. Although gains were also seen for other MCSs in the PCE2-A and PCE2-B set (especially DAS-9/DBS-9) it is still proposed to limit the study item and additional complexity to only include one additional MCS re-definition per EGPRS2 level.
8 References

[1] GP-101066, “Precoded EGPRS2 Downlink (update of GP-100918)”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#46.
[2] GP-101852, “DAS-12b and DBS-12b burst formatting”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#48.
[3] GP-101850, “Burst mapping of PCE2”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#48.

[4] 3GPP TR45.912 “Feasibility study for evolved GSM/EDGE Radio Access Network (GERAN)”, Rel 7.

[5] GP-101847, “Mixed Mode Modulation”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#48.

[6] GP-101350, “Training symbol placements in Precoded EGPRS2 DL”, GERAN#47, source Telefon AB LM Ericsson, ST-Ericsson.

[7] GP-101349, “Aspects of burst formatting of Precoded EGPRS2 DL”, GERAN#47, source Telefon AB LM Ericsson, ST-Ericsson SA.
[8] “MCS re-design for 32QAM”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN WG1 telco #3 on SPEED.
[9] 3GPP TS 45.003, “Channel coding”, v8.3.0
[10] GP-061690, “Compressed QAM Modulation”, source Telefon AB LM Ericsson. GERAN#31.
[11] 3GPP TR44.860, ”Signal Precoding Enhancements for EGPRS2 DL v0.4.0”
9 Annex A
9.1   Impact on PAR reduction, HT100nFH
Performance of re-designed MCSs with higher order modulation on a HT100nFH channel.
Table 8. MCS re-design for PCE2-A.

	MCS
	Data BLER@10% [Es/N0]

	
	No clipping
	PAR 6.0 dB
	Impact of clipping [dB]
	MCS diff incl. clipping

	DAS-8
	15.3
	15.5
	-0.2
	+0.0

	DAS-8b
	15.3
	15.5
	-0.2
	

	DAS-9
	18.5
	18.7
	-0.2
	+0.8

	DAS-9b
	17.5
	17.9
	-0.4
	

	DAS-10
	20.9
	21.4
	-0.5
	+0.6

	DAS-10b
	20.4
	20.8
	-0.4
	

	DAS-11
	28.0
	29.8
	-1.8
	+3.3

	DAS-11b
	24.8
	26.5
	-1.7
	


Table 9. MCS re-design for PCE2-B.
	MCS
	Data BLER@10% [Es/N0]

	
	No clipping
	PAR 6.0 dB
	Impact of clipping[dB]
	MCS diff incl. clipping

	DBS-7
	14.4
	14.5
	-0.1
	-0.2

	DBS-7b
	14.5
	14.7
	-0.2
	

	DBS-8
	18.5
	18.7
	-0.2
	+0.4

	DBS-8b
	18.0
	18.3
	-0.3
	

	DBS-9
	21.9
	22.2
	-0.3
	+1.5

	DBS-9b
	20.3
	20.7
	-0.4
	

	DBS-10
	27.2
	28.6
	-1.4
	+0.4

	DBS-10b
	26.1
	28.2
	-2.1
	

	DBS-11*
	29.8
	31.9
	-2.1
	+0.0

	DBS-11b*
	28.0
	31.9
	-3.9
	


        * At 50% BLER.
9.2   Ideal LA throughput curves
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Figure 4. Ideal LA throughput for PCE2-A in different channel propagations.

9.3   Header mapping for re-designed MCSs of PCE2-A and PCE2-B

Table 10. Header mapping PCE2-A, redesigned MCSs

	MCS
	Swap
	Shift

	DAS-8
	1
	45

	DAS-9
	1
	45

	DAS-10
	1
	70

	DAS-11
	1
	75


Table 11. Header mapping PCE2-A, redesigned MCSs

	MCS
	Swap
	Shift

	DBS-7
	1
	80

	DBS-8
	1
	80

	DBS-9
	1
	90

	DBS-10
	1
	60

	DBS-11
	1
	30
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