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Introduction
In Rel-13, 256QAM was specified for PDSCH. As a result of its specification, a new MCS table was introduced in 36.213. In this contribution, we present some observations on the performance of different modulation schemes under different scenarios, from which we conclude that the current mechanism to select the modulation scheme (static for a given MCS value) may not lead to optimum performance in a variety of scenarios. We also find that this problem exists not only for the cases of 256QAM, but also for some legacy MCS/TBS values.

Observations on performance with different modulation schemes
In Figure 1 we show the SNR vs BLER for 64QAM and 256QAM in the following scenario:
· TM4
· 2T2R
· EPA5L
· TBS 63776 (MCS 20 for 256QAM and MCS 27 for 64QAM)
· 2 CRS ports
And the following differences:
· Left Figure, CFI=1
· Right Figure: CFI=3
Essentially, the main difference between these two scenarios is that the first one operates at a higher coding rate regime than the second due to the smaller number of resource elements.
We observe that, under these settings, for the CFI=1 case 64QAM outperforms 256QAM, but the opposite behaviour is observed in the CFI=3.
[image: ][image: ]
Figure 1 BLER for CFI=1 (left) and CFI=3 (right)

Similar observations can be made on the legacy TBS table depending on the number of available REs. In Figure 2 we calculate the code rate for a CFI=3 case with 32CSI-RS tones per RB, and we can observe that, in many cases, it leads to data rates beyond 0.931.
[image: ]
Figure 2 Code rate calculation for 64-QAM TBS table. The entries in red are above 0.931 




We show in Figure 3 how this problem affects the throughput for the MCS marked in red in Figure 2, even for the case of not using 256QAM. For example, it can be seen that MCS 8/9 always perform worse than MCS10, thus not being usable from a practical point of view. Note that the peak throughput for MCS 9 is very reduced due to the fact that the first transmission is not decodable. Also, the curve for MCS 8 is assuming that the UE always decodes the first transmission regardless of the code rate. Similar trends are observed for MCS 15 and 16.
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Figure 3 TM9 with 32 CSI-RS ports, CFI=3, EVA5L


A similar problem is observed with the introduction of 1024QAM. In Figure 4 we show the performance comparison of several 256QAM TBS values (100RBs, corresponding to the three highest MCS). We observe that depending on the configuration (number of control symbols, number of CRS ports) the performance of 256QAM can be better or worse than 1024QAM. For example, for the case of 97896TBS, the 256QAM TBS is not decodable with 3 control symbols. For the corresponding 2-layer mapping TBS (195816), for 2 control symbols 1024QAM outperforms 256QAM. For 100752TBS, 1024QAM outperforms 256QAM when 2 control symbols are configured.

[image: ][image: ][image: ][image: ][image: ][image: ]
Figure 4 Performance of the 256QAM vs 1024QAM for 3 different 256QAM TBS sizes MCS (left – 2x2, right – corresponding 4x4 TBS). TM3/AWGN


In general, the problem is given by the fact that the association between MCS/TBS and modulation scheme is static, i.e., for a given MCS, the UE uses the modulation scheme in the MCS table. This selection is made regardless of the number of available resource elements for data rate matching.
Observation 1: The static association between MCS/TBS and modulation scheme leads to suboptimal modulation selection in some cases, such as different CFI values or number of CSI-RS ports.
Potential solutions

From the evidence presented in the previous section, it can be seen that the modulation scheme selection has to selected depending the number of available resources for optimum performance. Thus, depending on a variety of configurations, such as number of control symbols, number of REs used by reference signals, CP length, etc., the optimum modulation scheme may be different.

In this section, we provide two possible solutions to this problem.


Solution 1: Modulation determination based on rate matching

Since the optimum modulation scheme depends on the TBS size and number of available REs, one possible solution would be to determine the modulation scheme based on these two values. The number of available REs should be calculated according to the actual rate matching (which is known by eNB and UE). A pseudocode of the procedure would be as follows:

1) From the DCI, obtain the resource allocation (#RBs) and MCS
2) From the #RBs and MCS, determine the TBS using the current table
3) Calculate the number of available REs for data transmission
a. This is the number of symbols that the UE uses for rate matching.
4) Calculate the spectral efficiency as SE=TBS/(#REs)
5) From the SE and a set of thresholds (T16QAM, T64QAM, T256QAM) obtain the modulation scheme

One example of the last step would be:

if SE<1.1768 bits/RE 
modulation is QPSK
else if SE<2.5684 bits/RE
 modulation is 16QAM
else if SE<5.3349 bits/RE
 modulation is 64QAM
else, modulation is 256QAM 


Solution 2: Modulation determination based on explicit signalling

A similar problem regarding modulation scheme selection was found in Rel-14 FeMTC and Rel-14 Voice/video enhancements. In these cases, the background was that for the case of repetitions, the optimum modulation scheme may be different than the one for single transmission. For PDSCH in FeMTC, the solution was to always use QPSK for the case of R>1 (which is similar to our Solution 1). For PUSCH in FeMTC and voice/video, a 1-bit indication in DCI was introduced to “override” the modulation scheme. The agreement in voice/video enhancements is as follows:

· When operating in the new PUSCH enhancement mode, include an additional 1-bit field in the uplink DCI in USS to override the modulation scheme as follows:
· If the modulation order is  , then the field is reserved
· If the modulation is greater than 2 and the bit is set to be true, then override the modulation order with (i.e., 16-QAM QPSK, 64-QAM16-QAM, 256-QAM64-QAM)


In our case the solution is a bit more complicated, since for some scenarios the optimum modulation scheme would be higher than the “default” modulation scheme (e.g. move QPSK to 16QAM), and in some other cases it may be lower (e.g. move 256QAM to 64QAM). Thus, we propose a slight modification of this method that allows to increase or decrease the modulation scheme depending on the MCS as follows:

1) In the MCS table, add one additional column that indicates whether the “modulation overriding” indicates “increase” or “decrease”.
2) The bit in the DCI is interpreted as follows:
a. If bit =0, keep the modulation scheme in the MCS table
b. If bit=1, increase or decrease the modulation scheme according to the entry in the MCS table.

An example of step 1) is shown in Table 1, where the 256QAM table is modified to include this new indicator. Note that the adjustment is set to “increase” right before a “default modulation order” increase, and to “decrease” right after.

This second solution has the disadvantage of higher overhead (1 additional bit in DCI), but offers the advantage of network flexibility, e.g. the eNB can pick the modulation scheme depending on other factors such as observed delay spread (which may also affect the optimum modulation scheme) or presence of signals that puncture the PDSCH (of which the UE may not be aware of).


Table 1: Example of MCS/TBS table with modulation adjustment
	MCS Index
	Modulation Order
	Modulation Order adjustment
	TBS Index

	0
	2 
	Increase
	0 

	1
	2 
	Increase
	2 

	2
	2 
	Increase
	4 

	3
	2 
	Increase
	6 

	4
	2 
	Increase
	8 

	5
	4 
	Decrease
	10 

	6
	4 
	Decrease
	11 

	7
	4 
	Decrease
	12 

	8
	4 
	Increase
	13 

	9
	4 
	Increase
	14 

	10
	4 
	Increase
	15 

	11
	6 
	Decrease
	16 

	12
	6 
	Decrease
	17 

	13
	6 
	Decrease
	18 

	14
	6 
	Decrease
	19 

	15
	6 
	Increase
	20 

	16
	6 
	Increase
	21 

	17
	6 
	Increase
	22 

	18
	6 
	Increase
	23 

	19
	6 
	Increase
	24 

	20
	8 
	Decrease
	25 

	21
	8 
	Decrease
	27 

	22
	8 
	Decrease
	28 

	23
	8 
	Decrease
	29 

	24
	8 
	Decrease
	30 

	25
	8 
	Decrease
	31 

	26
	8 
	Decrease
	32 

	27
	8 
	Decrease
	33/33A 

	28
	2 
	N/A
	 
reserved

	29
	4 
	N/A
	

	30
	6 
	N/A
	

	31
	8 
	N/A
	



Solution 3: Alternative table 

In [1], an alternative solution was presented, which solves the problem for the particular case of 256QAM and CFI=1. The solution is based on introducing a new TBS/MCS table for 256QAM, which is enabled by RRC configuration.

Observation 2: The following solutions can be considered for modulation scheme selection:
· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.
· Solution 2: Introduce “Modulation overriding” field in DCI to change the modulation scheme.
· Solution 3: Introduce an alternative table for 256QAM by RRC configuration. 
Proposal: RAN1 to find adopt one of the solutions above.

Summary of proposals
Observation 1: The static association between MCS/TBS and modulation scheme leads to suboptimal modulation selection in some cases, such as different CFI values or number of CSI-RS ports.
Observation 2: The following solutions can be considered for modulation scheme selection:
· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.
· Solution 2: Introduce “Modulation overriding” field in DCI to change the modulation scheme.
· Solution 3: Introduce an alternative table for 256QAM by RRC configuration. 
Proposal: RAN1 to find adopt one of the solutions above.
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image3.emf
RE/RB CRS DMRS CSIRS data tonesall data RE MCS I_TBS TBS TBS+CRC SE Chbits code rate

132 12 12 32 76 7600 0 0 2792 2816 0.370526 15200 0.185263

132 12 12 32 76 7600 1 1 3624 3648 0.48 15200 0.24

132 12 12 32 76 7600 2 2 4584 4608 0.606316 15200 0.303158

132 12 12 32 76 7600 3 3 5736 5760 0.757895 15200 0.378947

132 12 12 32 76 7600 4 4 7224 7296 0.96 15200 0.48

132 12 12 32 76 7600 5 5 8760 8832 1.162105 15200 0.581053

132 12 12 32 76 7600 6 6 10296 10368 1.364211 15200 0.682105

132 12 12 32 76 7600 7 7 12216 12288 1.616842 15200 0.808421

132 12 12 32 76 7600 8 8 14112 14208 1.869474 15200 0.934737

132 12 12 32 76 7600 9 9 15840 15936 2.096842 15200 1.048421

132 12 12 32 76 7600 10 9 15840 15936 2.096842 30400 0.524211

132 12 12 32 76 7600 11 10 17568 17664 2.324211 30400 0.581053

132 12 12 32 76 7600 12 11 19848 19968 2.627368 30400 0.656842

132 12 12 32 76 7600 13 12 22920 23040 3.031579 30400 0.757895

132 12 12 32 76 7600 14 13 25456 25600 3.368421 30400 0.842105

132 12 12 32 76 7600 15 14 28336 28480 3.747368 30400 0.936842

132 12 12 32 76 7600 16 15 30576 30720 4.042105 30400 1.010526

132 12 12 32 76 7600 17 15 30576 30720 4.042105 45600 0.673684

132 12 12 32 76 7600 18 16 32856 33024 4.345263 45600 0.724211

132 12 12 32 76 7600 19 17 36696 36864 4.850526 45600 0.808421

132 12 12 32 76 7600 20 18 39232 39424 5.187368 45600 0.864561

132 12 12 32 76 7600 21 19 43816 44032 5.793684 45600 0.965614

132 12 12 32 76 7600 22 20 46888 47104 6.197895 45600 1.032982

132 12 12 32 76 7600 23 21 51024 51264 6.745263 45600 1.124211

132 12 12 32 76 7600 24 22 55056 55296 7.275789 45600 1.212632

132 12 12 32 76 7600 25 23 57336 57600 7.578947 45600 1.263158

132 12 12 32 76 7600 26 24 61664 61952 8.151579 45600 1.358596

132 12 12 32 76 7600 27 25 63776 64064 8.394737 45600 1.404912

132 12 12 32 76 7600 28 26 75376 75712 9.962105 45600 1.660351
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256QAM,1 Control symbols

1024QAM,1 Control symbols
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175600, 4T4R

256QAM,1 Control symbols

1024QAM,1 Control symbols

256QAM,2 Control symbols

1024QAM,2 Control symbols

256QAM,3 Control symbols

1024QAM,3 Control symbols
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97896, 2T2R

256QAM,1 Control symbols

1024QAM,1 Control symbols

256QAM,2 Control symbols

1024QAM,2 Control symbols

256QAM,3 Control symbols

1024QAM,3 Control symbols
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195816, 4T4R

256QAM,1 Control symbols

1024QAM,1 Control symbols

256QAM,2 Control symbols

1024QAM,2 Control symbols

256QAM,3 Control symbols

1024QAM,3 Control symbols
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256QAM,1 Control symbols

1024QAM,1 Control symbols

256QAM,2 Control symbols

1024QAM,2 Control symbols

256QAM,3 Control symbols

1024QAM,3 Control symbols
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256QAM,1 Control symbols

1024QAM,1 Control symbols

256QAM,2 Control symbols

1024QAM,2 Control symbols

256QAM,3 Control symbols

1024QAM,3 Control symbols


