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1 Introduction
In order to increase the downlink spectrum efficiency for small cell deployments, the introduction of 256QAM has been agree at RAN#62. It was furthermore agreed that the existing size of CQI feedback field and MCS indication will not be changed [1].
This contribution discusses the MCS indication aspect of introducing 256QAM for the downlink. There is a companion contribution addressing the CQI reporting for 256QAM [2].
2 Discussion
2.1 MCS and TBS Table Design

It seems to be reasonable to support six new MCS and TBS levels for 256QAM in order to provide an equidistant sampling and a maximum code rate 0.93 for 256QAM. An exemplary set of code rates that have been obtained by means of simulations are given in Table 1 in Section 2.2.
For implementation into[3], the introduction of a new "Modulation and TBS index table for PDSCH" as an adaptation to current Table 7.1.7.1-1 (quoted in the Appendix) would be introduced, with TBS indices 27-32 as shown in Table 2 of the Appendix. The use of the adapted MCS table for 256QAM should be configured semi-statically per UE by means of higher-layer signalling. The new semi-static higher-layer parameter would therefore tell the UE whether Table 7.1.7.1-1 or the adapted table is used to determine the modulation order and TBS index from the MCS field in the DCI. For the new TBS indices, we think it is straightforward to define corresponding new TBS entries. To this end, Tables 7.1.7.2.1-1, 7.1.7.2.2-1, 7.1.7.2.4-1, and 7.1.7.2.5-1 in [3] could be appended correspondingly.

As we assume that the majority of UEs that can benefit from 256QAM observe a high average SINR and are not very mobile, we consider a semi-static enabling of 256QAM sufficient. Still, we think some robustness should be provided by being able to assign QPSK-based PDSCH transmissions (i.e. corresponding MCS levels) to the UE even if the 256QAM MCS table is enabled, as will be discussed in detail in Section 2.2
In addition to MCS indices for 256QAM that indicate specific transport block sizes depending on the number of assigned RBs, it is also essential to provide an additional MCS index for 256QAM that does not indicate a specific TBS index like MCS index 29, which is used for HARQ retransmissions. A corresponding MCS table example is given in Appendix A.
2.2 Simulation Results

In the following we present simulation results for SCE Scenario 2a with one cluster consisting of four small cells per macro sector area as defined in [1]. Transmission Mode 4 with rank adaptation is assumed and the UE association has been performed based on RSRP. For this performance study, we assumed that six entries for 256QAM as defined in Table 1. This means that the used TBS table covers here all Rel-11 plus six entries for 256QAM. 

Table 1: Exemplary set of supported code rates for 256QAM

	TBS Index
	Approximate
code rate

	27
	0.71

	28
	0.75

	29
	0.79

	30
	0.83

	31
	0.88

	32
	0.93


Figure 1 and Figure 2 show the usage of the six 256QAM and of the lowest six QPSK modulation levels depending on the geometry of UEs with full buffer and FTP traffic. For the latter, the results are shown depending on macro and small cell resource utilization (MRU and SRC, respectively).
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Figure 1: Usage of six 256QAM levels
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Figure 2: Usage of lowest six QPSK levels


The results show that the usage of the lowest six QPSK levels is in general very low in case of FTP traffic. On the other hand, 256QAM is used quite frequently even at low geometries. In case of full buffer, significant use of 256QAM can only be observed at high geometries (above 20 dB).

Independent of the traffic load, the results clearly show that geometries with significant use of 256QAM show at the same time negligible use of very robust transmissions based on QPSK with low code rates. The evaluation of these results suggests therefore that a semi-statics configuration of an MCS table shift should not imply noticeable negative impact on the throughput performance. It is rather unlikely that a certain UE will require both QPSK with low code rates and 256QAM at the same time.
2.3 Support of Robust PDSCH Transmissions
Even for UEs with high or very high average SINR levels it might sometimes be required to rely on very robust PDSCH transmissions with QPSK in combination with low code rates. The reasons for this are for example short term SINR fluctuations due to sudden traffic load fluctuations in interfering cells. These fluctuations can be too fast for MCS table reconfigurations based on higher-layer signalling. Another reason would be if momentarily only small transport blocks need to be assigned to such a UE.
In the following we discuss different options for supporting robust PDSCH transmissions in terms of QPSK with low code rates for UEs configured for 256QAM.
Option A: The adapted MCS table is only used for PDSCH transmissions that are indicated by DCI transmissions in the UE specific search space. This approach has he disadvantage that PDSCH allocations that robust transmission could only be indicated by PDCCH transmissions with high aggregation level (AL4 and AL8) which could yield a congestions of the common search space. There is furthermore the issue that some ambiguity can occur at the UE regarding the distinction between common and UE specific search space PDCCH transmissions due to overlapping search spaces, especially in case of few available CCEs (small system bandwidth and small CFI value). This solution would also prohibit the indication of robust PDSCH transmissions by EPDCCH as long as there is no common search space support with EPDCCH.
Option B: The adapted MCS table is only used for PDSCH transmissions that are indicated by DCI with CRC scrambled by C-RNTI. That means that the robust PDSCH transmission would be restricted to the transmission of system information (SI-RNTI), paging messages (P-RNTI), random access feedback (RA-RNTI), semi-persistent scheduling (SPS-C-RNTI) and PDSCHs indicated by PDCCHs scrambled with the Temporary C-RNTI. It is a reasonable assumption that these transmissions do in general not require 256QAM due to the broadcast nature without UE specific adaptation. However, this approach would prohibit the robust UE specific PDSCH transmissions where it might be required in case of sudden short-term SINR drops or for momentarily assigning small transport blocks.
The Rel-11 specification actually states already that the UE shall assume QPSK if the DCI CRC is scrambled by P‑RNTI, RA-RNTI, or SI-RNTI. Since there is no reason for changing this definition, the effect of Option B for those cases would anyway be achieved.
Option C: The adapted MCS table is only used for PDSCH transmissions that are indicated by DCI formats other than 1A and 1C. The latter two DCI formats will indicate MCS levels based on the conventional Rel-11 MCS table (Table 7.1.7.1-1). The use of DCI formats 1A and 1C is anyway intended for indicating robust PDSCH allocations. It is therefore a natural choice to support here low code rate QPSK MCS levels as well. Since each transmission mode allows the transmission of PDSCHs indicated by DCI format 1A, this approach also allows the very robust transmission even for UEs configured for 256QAM.
Based on the discussion above, our preference is to support 256QAM for all DL DCI formats except 1A and 1C. Since each transmission mode supports robust transmissions indicated by DCI format 1A, this effectively also means that each transmission mode covers the whole range of possible MCS levels ranging from low code rate QPSK to high code rate 256QAM and the corresponding transport block sizes. This also means that it is not required to keep certain low code rate QPSK levels in the adapted MCS table since such robust transmissions could still be indicated by DCI format 1A.
Proposal 1: 
When the UE is configured with 256QAM by higher-layer, the adapted MCS table for 256QAM should be used for all DCI formats other than 1A and 1C. For DCI formats 1A and 1C, the Rel-11 MCS table is always used.
Proposal 2: 
The adapted MCS table for 256QAM is not supporting QPSK modulation with small TBS indices.
3  Conclusion
In this contribution, we discussed the MCS indication aspect of introducing 256QAM for the downlink in detail. Based on the evaluation of advantages and disadvantages of different possible approaches, we suggest the following:
Proposal 1: 
When the UE is configured with 256QAM by higher-layer, the adapted MCS table for 256QAM should be used for all DCI formats other than 1A and 1C. For DCI formats 1A and 1C, the Rel-11 MCS table is always used.
Proposal 2: 
The adapted MCS table for 256QAM is not supporting QPSK modulation with small TBS indices.
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Appendix A

	Table 2: Rel-11 MCS table (Table 7.1.7.1-1 in [3])
MCS Index


Modulation Order


TBS Index


0

2

0

1

2

1

2

2

2

3

2

3

4

2

4

5

2

5

6

2

6

7

2

7

8

2

8

9

2

9

10

4

9

11

4

10

12

4

11

13

4

12

14

4

13

15

4

14

16

4

15

17

4

15

18

4

16

19

4

17

20

4

18

21

4

19

22

4

20

23

6

21

24

6

22

25

6

23

26

6

24

27

6

25

28

6

26

29

2

reserved

30

4

31

6


	Table 3: Adapted MCS table for 256QAM

MCS Index


Modulation Order


TBS Index


0

8

27

1

8

28

2

8

29

3

8

30

4

8

31

5

8

32

6

8

reserved

7

2

7

8

2

8

9

2

9

10

4

9

11

4

10

12

4

11

13

4

12

14

4

13

15

4

14

16

4

15

17

4

15

18

4

16

19

4

17

20

4

18

21

4

19

22

4

20

23

6

21

24

6

22

25

6

23

26

6

24

27

6

25

28

6

26

29

2

reserved

30

4

31

6




Appendix B
	Simulation Parameter
	Setting

	Deployment scenario
	Scenario 2a as defined in [4]

	Serving cell attachment 
	RSRP-based (with bias in case of cell range expansion)

	Scheduler 
	Proportional fair frequency selective scheduling in both Macro eNBs and Pico eNBs

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Macro cell ISD
	500 m

	Max Macro Tx Power
	46 dBm

	Max Pico Tx Power
	30 dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern, 120 degree sector

	Macro eNB antenna downtilt
	15 degrees

	Pico eNB antenna pattern
	2D antenna pattern, Omni-directional

	Macro eNB antenna gain (including cable loss)
	14 dBi

	Pico eNB antenna gain
	5 dBi

	Minimum distance between Pico eNBs and Macro eNBs
	35 m

	Minimum distance between 
Pico eNBs
	40 m

	Minimum distance between 
Macro eNB and UEs
	35 m

	Minimum distance between 
Pico eNB and UEs
	10 m

	Fast Fading Channel 
	Typical Urban (TU), i.i.d. for spatial extension

	MIMO transmission modes
	DL transmission mode 4 
(closed loop 2x2 MIMO with dynamic rank adaptation)

	CSI Feedback 
	Sub-band CQI with wideband PMI (PUSCH mode 3-1), periodically every 1 ms with 5ms delay

	Control overhead
	Fixed to two OFDM symbols

	Control signalling
	Explicit modelling of CCE aggregation, power control and errors of DL DCI transmission, same overhead assumed for UL DCI.
(interference impact of CCE utilization is considered)
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