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1   Background
Modulation enhancements have been discussed for two meeting cycles. Companies have different views about the issues as per the online discussion, in this contribution we would like to share our view.
2   Discussion
When RAN1 defines the LTE TBS Table 7.1.7.2.1-1 in TS 36.213, many factors such as spectral efficiency, code rate and TBS were carefully considered in order to meet specification requirements from Release 8. In that table, the larger TBS size corresponding to higher MCS are defined as per CFI=1, others are based on CFI=3 to reflect the throughput enhancement in most scenarios, it leaves enough room for flexible TBS selection in the real implementations. LTE specifications are defined by following such rule from Release 8 and also product implemented it as per specification from Release 8 till now. 
Dynamic TBS selection

For a given TBS size, the implementations try to select a suitable [#PRB, I_TBS(MCS)] combination as per the available Res (calculated as per CFI, RS etc.,) and channel condition flexibly, not select a [#PRB, I_TBS(MCS)] combination that cause higher coding rate than 0.931 and even suboptimal throughput. For example: for TBS= 1256, if I_TBS=9(QPSK) and PRB=8 reached coding rate >0.931 due to RS overhead, the eNB can choose I_TBS=8(QPSK) and PRB=9, it does not need to stick to I_TBS=9 and PRB=8, while change the modulation type from QPSK to 16QAM.
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480


Figure 1: Screenshot of TBS Table 7.1.7.2.1-1 in TS 36.213

Flexible scheduling

If CSI-RS is configured, but it is not present always and CSI is reported periodically or aperiodically, eNB can choose to avoid the scheduling on those subframes configured with CSI-RS.
Observation 1: From flexible TBS selection and scheduling, eNB can reasonably schedule the PRB and MCS assigned to UE.

For the observations and proposals in [1][2][3], after further analysis, we have the following concerns:

Contribution [3] is giving a rare and very corner case: 100PRB, CFI=3 and 32 CSI-RS port: the network seldom allocates full 100 PRB to one UE under scenarios with many users; and 100PRB is the upper edge for TBS selection table; CFI=3 is designed for scenarios with many users; 32 CSI-RS ports is rarely used in the real network.

The solutions given in [1][2] are all related to the adjustment of the modulation order, but they have some drawbacks and limitations from our point of view: 

Solution 1, it is hard to define the thresholds for 16QAM, 64QAM and 256QAM to decide the good system performance; maybe to define a reasonable thresholds, lots of system performance simulations need to be conducted, and we do not know if there is such perfect thresholds exist. Considering the current TBS and MCS table have been using from Release 8, and no real performance issues are affecting customer experience; all RAN working groups are seriously overloaded now, we do not think it is worth for company spending much time on this rare and non-emergency case.
Solution 2 and 3: the modulation determination can be suitably selected by eNB during the scheduling as we analyzed in the above example. Those corner cases raised by contribution [3] cannot be solved by just decreasing or increasing the modulation order, because the modulation order is very limited: 2, 4, 6 and 8. Especially for the cases of 256QAM with higher coding rate than 0.931, to reduce the coding rate, the only way is to increase the number of allocated PRB currently. So maybe we should consider to adjust the modulation order and/or the number of available PRB to get a suitable performance and coding rate like did in the real eNB implementation, not only the modulation order adjustment like proposed in the contributions [1][2], adjustment the number of PRB has a large dynamic range compared to modulation order only with value of 2, 4, 6 and 8.
For the 64QAM case:

[image: image2.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 2 4584 4608 0.606316 15200 0.303158

132 12 12 32 76 7600 2 4 7224 7296 0.96 15200 0.48

132 12 12 32 76 7600 3 6 10296 10368 1.364211 15200 0.682105

132 12 12 32 76 7600 4 8 14112 14208 1.869474 15200 0.934737

132 12 12 32 76 7600 5 10 17568 17664 2.324211 15200 1.162105

132 12 12 32 76 7600 6 11 19848 19968 2.627368 30400 0.656842

132 12 12 32 76 7600 7 12 22920 23040 3.031579 30400 0.757895

132 12 12 32 76 7600 8 13 25456 25600 3.368421 30400 0.842105

132 12 12 32 76 7600 9 14 28336 28480 3.747368 30400 0.936842

132 12 12 32 76 7600 10 15 30576 30720 4.042105 30400 1.010526

132 12 12 32 76 7600 11 16 32856 33024 4.345263 45600 0.724211

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

132 12 12 32 76 7600 13 18 39232 39424 5.187368 45600 0.864561

132 12 12 32 76 7600 14 19 43816 44032 5.793684 45600 0.965614

132 12 12 32 76 7600 15 20 46888 47104 6.197895 45600 1.032982

132 12 12 32 76 7600 16 21 51024 51264 6.745263 45600 1.124211

132 12 12 32 76 7600 17 22 55056 55296 7.275789 45600 1.212632

132 12 12 32 76 7600 18 23 57336 57600 7.578947 45600 1.263158

132 12 12 32 76 7600 19 24 61664 61952 8.151579 45600 1.358596

132 12 12 32 76 7600 20 25 63776 64064 8.429474 60800 1.053684

132 12 12 32 76 7600 21 27 66592 66880 8.8 60800 1.1

132 12 12 32 76 7600 22 28 71112 71424 9.397895 60800 1.174737

132 12 12 32 76 7600 23 29 73712 74024 9.74 60800 1.2175

132 12 12 32 76 7600 24 30 78704 79040 10.4 60800 1.3

132 12 12 32 76 7600 25 31 81176 81536 10.72842 60800 1.341053

132 12 12 32 76 7600 26 32 84760 85120 11.2 60800 1.4

132 12 12 32 76 7600 27 33 97896 98304 12.93474 60800 1.616842


Figure 2: Code rate calculation for 64QAM TBS table from contribution [3]
If we follow the proposed solution to adjust the modulation order in [1][2][3] for 64QAM table, the results can be as below:

[image: image3.png]RE/RB | CRS | DMRS | CSIRS | dataRE [alldataRE| | MCS [Modulation] | TBS | T8 size |num of CB[TBS+CRC| _SE Chbits | _coderate
132 12 12 32 76 7600 0 2 0 2792 1 2816 | 0370526 | 15200 |0.185263158
132 12 12 32 76 7600 1 2 1 3624 1 3648 048 15200 024
132 12 12 32 76 7600 2 2 2 4584 1 4632 | 0609474 | 15200 | 0.304736842
132 12 12 32 76 7600 3 2 3 5736 1 5784 | 0761053 | 15200 |0.380526316
132 12 12 32 76 7600 4 2 4 7224 2 7296 0.96 15200 048
132 12 12 32 76 7600 5 2 5 8760 2 8832 | 1162105 | 15200 | 0581052632
132 12 12 32 76 7600 6 2 6 10296 2 10368 | 1.364211 | 15200 | 0.682105263
132 12 12 32 76 7600 7 2 7 12216 2 12288 | 1616842 | 15200 |0.808421053
132 12 12 32 76 7600 8 4 8 14112 3 14208 | 1.869474 | 30400 | 0467368421
132 12 12 32 76 7600 9 4 9 15840 3 15936 | 2.096842 | 30400 | 0.524210526
132 12 12 32 76 7600 10 4 9 15840 3 15936 | 2.096842 | 30400 | 0.524210526
132 12 12 32 76 7600 1 4 10 17568 3 17664 | 2.324211 | 30400 | 0.581052632
132 12 12 32 76 7600 12 4 11 19848 4 19968 | 2.627368 | 30400 | 0.656842105
132 12 12 32 76 7600 13 4 12 22920 4 23040 |3.031579 | 30400 | 0757894737
132 12 12 32 76 7600 14 4 13 25456 5 25600 | 3.368421 | 30400 | 0.842105263
132 12 12 32 76 7600 15 6 14 28336 5 28480 | 3.747368 | 45600 | 0.624561404
132 12 12 32 76 7600 16 6 15 30576 5 30720 |4.042105 | 45600 | 0673684211
132 12 12 32 76 7600 30576 5 30720 |4.042105 | 45600 | 0673684211
132 12 12 2 76 7600 32856 6 33024 | 4.345263 | 45600 | 0.724210526
132 12 12 2 76 7600 36696 6 36864 | 4.850526 | 45600 | 0.808421053
132 12 12 32 76 7600 29232 7 39424 | 5187368 | 45600 | 0.864561404
132 12 12 32 76 7600 43816 8 44032 | 5793684 | 60800 | 0.724210526
132 12 12 32 76 7600 46888 8 47104 |6.197895 | 60800 | 0.774736842
132 12 12 32 76 7600 51024 9 51264 | 6.745263 | 60800 | 0.843157895
132 12 12 32 76 7600 55056 9 55296 | 7.275789 | 60800 | 0.909473684
132 12 12 32 76 7600 57336 10 57600 60800
132 12 12 32 76 7600 61664 11 61952 60800
132 12 12 32 76 7600 63776 11 64064 60800
132 12 12 32 76 7600 75376 13 75712 60800





Figure 3: Modified code rate calculation for 64QAM TBS table by changing the modulation order
From the above yellow highlighted part, after increase the modulation order (red digits), it did can solve some of the cases that the code rate is higher than 0.931, but still some cases in red highlighted part cannot be solved, such as MCS25 ~ MCS28. i.e. the proposed solutions cannot solve the issues thoroughly purely by adjusting the modulation order brought by contribution[3] for that corner case. Actually, like we analyzed in above, it is almost impossible to have those cases in real network with so strange configurations.

For the 256QAM case:

[image: image4.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 2 4584 4608 0.606316 15200 0.303158

132 12 12 32 76 7600 2 4 7224 7296 0.96 15200 0.48

132 12 12 32 76 7600 3 6 10296 10368 1.364211 15200 0.682105

132 12 12 32 76 7600 4 8 14112 14208 1.869474 15200 0.934737

132 12 12 32 76 7600 5 10 17568 17664 2.324211 15200 1.162105

132 12 12 32 76 7600 6 11 19848 19968 2.627368 30400 0.656842

132 12 12 32 76 7600 7 12 22920 23040 3.031579 30400 0.757895

132 12 12 32 76 7600 8 13 25456 25600 3.368421 30400 0.842105

132 12 12 32 76 7600 9 14 28336 28480 3.747368 30400 0.936842

132 12 12 32 76 7600 10 15 30576 30720 4.042105 30400 1.010526

132 12 12 32 76 7600 11 16 32856 33024 4.345263 45600 0.724211

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

132 12 12 32 76 7600 13 18 39232 39424 5.187368 45600 0.864561

132 12 12 32 76 7600 14 19 43816 44032 5.793684 45600 0.965614

132 12 12 32 76 7600 15 20 46888 47104 6.197895 45600 1.032982

132 12 12 32 76 7600 16 21 51024 51264 6.745263 45600 1.124211

132 12 12 32 76 7600 17 22 55056 55296 7.275789 45600 1.212632

132 12 12 32 76 7600 18 23 57336 57600 7.578947 45600 1.263158

132 12 12 32 76 7600 19 24 61664 61952 8.151579 45600 1.358596

132 12 12 32 76 7600 20 25 63776 64064 8.429474 60800 1.053684

132 12 12 32 76 7600 21 27 66592 66880 8.8 60800 1.1

132 12 12 32 76 7600 22 28 71112 71424 9.397895 60800 1.174737

132 12 12 32 76 7600 23 29 73712 74024 9.74 60800 1.2175

132 12 12 32 76 7600 24 30 78704 79040 10.4 60800 1.3

132 12 12 32 76 7600 25 31 81176 81536 10.72842 60800 1.341053

132 12 12 32 76 7600 26 32 84760 85120 11.2 60800 1.4

132 12 12 32 76 7600 27 33 97896 98304 12.93474 60800 1.616842


Figure 4: Code rate calculation for 256QAM TBS table from contribution [3]
If we follow the proposed solution to adjust the modulation order in [1][2][3] for 256QAM table, the results can be as following:

[image: image5.png]RERB | CRS | DMRS | CSIRS [ dataRE [all data RE] | MCS |Modulation] | T8S | T8 size |num of CB[TBS+CRC[ SE | Chbits | coderate
132 12 12 32 76 7600 0 2 0 2792 1 2816 | 0.370526 | 15200 | 0.185263158
132 12 12 32 76 7600 1 2 2 4584 1 4608 | 0.606316 | 15200 | 0.303157895
132 12 12 32 76 7600 2 2 4 7224 2 7296 | 096 | 15200 0.48
132 12 12 32 76 7600 3 2 6 10296 2 10368 | 1.364211| 15200 | 0.682105263
132 12 12 32 76 7600 4 4 8 14112 3 14208 | 1.869474 | 30400 | 0.467368421
132 12 12 32 76 7600 5 1 10 17568 3 17664 ||IS0AB| 30400 |j0ISe10506820
132 12 12 32 76 7600 6 1 11 19848 4 19968 | 2.627368 | 30400 | 0.656842105
132 12 12 32 76 7600 7 4 12 22920 4 23040 | 3.031579 | 30400 |0.757894737
132 12 12 32 76 7600 8 4 13 25456 5 25600 | 3.368421 | 30400 | 0.842105263
132 12 12 32 76 7600 9 6 14 28336 5 28480 | 3747368 | 45600 | 0624561404
732 2 2 32 76 7600 10 [ 15 30576 5 30720 | 4.042105 | 45600 | 0.673684211
132 12 12 32 76 7600 1" 6 16 32856 6 33024_|4.345263 | 45600 | 0.724210526
132 12 12 32 76 7600 12 6 17 36696 6 36864 | 4.850526 | 45600 | 0.808421053
132 12 12 32 76 7600 13 6 18 39232 7 39424 |5.187368 | 45600 | 0.864561404
132 12 12 32 76 7600 14 8 19 43816 8 44032 | 5793684 | 60800 | 0.724210526
132 12 12 32 76 7600 15 8 20 46888 8 47104_|6.197895 | 60800 | 0.774736842
132 12 12 32 76 7600 16 8 21 51024 9 51264 |6.745263 | 60800 | 0.843157895
132 12 12 32 76 7600 17 8 22 55056 9 55206 |7.275789 | 60800 | 0.909473684
132 12 12 32 76 7600 18 8 57336 10 57600 60800
132 12 12 32 76 7600 19 8 61664 11 61952 60800
132 12 12 32 76 7600 63776 11 64064 60800
132 12 12 32 76 7600 66880 60800
132 12 12 32 76 7600 71424 60800
132 12 12 32 76 7600
132 12 12 32 76 7600
132 12 12 32 76 7600
132 12 12 32 76 7600
132 12 12 2 76 7600





Figure 4: Modified code rate calculation for 256QAM TBS table by changing the modulation order
Similarly from the above yellow highlighted part, after increase the modulation order (red digits), it did can solve some of the cases that the code rate is higher than 0.931, but still some cases in red highlighted part cannot be solved, such as MCS18 and MCS19. At the same, for MCS20 ~ MCS27, the modulation order is already 256QAM and cannot be increased any more, i.e. the proposed solutions cannot solve the issues thoroughly purely by adjusting the modulation order brought by contribution [3] for that corner case. Also like we analyzed in above, it is almost impossible to have those cases in real network with so strange configurations.

Even the modulation order adjustment can solve some very limited cases with specific configurations, such as TM3, EPA5, CFI=1 and 4PRB for 256QAM table, but it cannot guarantee it is also applicable to all other cases and what other performance degradation will be caused.

Observation 2: Adjustment of only modulation order cannot solve all the corner cases raised in contribution [3].
Summarize our analysis above, we have proposal:
Proposal: No need to send LS to RAN1 and keep the current 64QAM and 256QAM table in RAN1 specification unchanged.

3   Conclusion / Proposals
In this contribution, we analyses the TBS selection flexibility defined in RAN1 specification and implemented in eNB product, also analyzed the proposal given in contribution [1, 2, 3], our observation and proposals are:

Observation 1: From flexible TBS selection and scheduling, eNB can reasonably schedule the PRB and MCS assigned to UE.
Observation 2: Adjustment of only modulation order cannot solve all the corner cases raised in contribution [3].
Proposal: No need to send LS to RAN1 and keep the current 64QAM and 256QAM table in RAN1 specification unchanged.
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