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1
Introduction

In RAN1 #91, the following agreement were made related to support of 64-QAM.
Agreement:
· Conduct additional evaluation to determine required modification for MCS table and TBS scaling factor in R15 using the following criteria:
· PSSCH spectrum efficiency vs SNR performance (where SNR is defined at 1% BLER)
· PSSCH low data rate considerations. Balanced performance between PSCCH and PSSCH at low MCS indexes
· Granularity of SNR difference between adjacent PSSCH spectrum efficiency points (CDF of delta SNR)
· spectral efficiency in case of retransmission
· Spectrum efficiency vs SNR for RV2 only reception

· Conduct additional link level evaluations using assumptions in Section 3 in R1-1721250.

· New MCS table should not have problematic MCS indexes in case of 2 TTI transmissions (i.e. reception of RV0 and RV2) assuming that puncturing is applied to the first symbol of initial transmission and retransmission. 
In this contribution, we further discuss the MCS table and TBS scaling issue. 
2
Design of MCS/TBS table for R-15
2.1.
TBS scaling factor for balanced performance between PSCCH and PSSCH
In the last meeting, it was agreed to compare scaling factor equal to 1 and scaling factor less than 1.

For scaling factor < 1, one way to determine the scaling factor to use is to target lower coding rates for PSSCH to achieve ‘balanced performance’ between PSCCH and PSSCH at low MCS indexes. In the following, we evaluate the performance of PSCCH and PSSCH with the lowest MCS (i.e., TBS size 0 and QPSK) in terms of the SNR needed to achieve a target BLER. According to the agreed simulation assumptions (R1-1721250), we assume AWGN channel with 1 Tx antenna and 2 Rx antennas. PSSCH size is 8 RBs and 18 RBs. The first symbol of PSCCH and PSSCH is punctured due to AGC. The results are given in Table 1 for 1% BLER and 10% BLER. “N/A” in the table means “not simulated”.
Table 1. Performance of PSCCH and PSSCH with different TBS scaling factors

	
	PSCCH
	PSSCH (8 RBs) with MCS0

	
	
	TBS scaling factor = 1
	TBS scaling factor = 0.8

	Required SNR (dB) for 1% BLER
	-3.8497
	-6.3923
	-6.8109

	Required SNR (dB) for 10% BLER
	N/A
	-6.9007
	N/A

	
	PSCCH
	PSSCH (18 RBs) with MCS0

	
	
	TBS scaling factor = 1
	TBS scaling factor = 0.8

	Required SNR (dB) for 1% BLER
	-3.8497
	-6.833
	-7.902

	Required SNR (dB) for 10% BLER
	N/A
	-7.2239
	N/A


Note that to achieve “balanced performance” of PSCCH and PSSCH, the required SNR of PSSCH should be 3dB lower than PSCCH, due to the 3dB power boost of PSCCH. There are two ways to interpret the “balanced performance” of PSCCH and PSSCH:

1. Target a common BLER such as 1% BLER for both PSCCH and PSSCH. 
In this case, Table 1 shows that with TBS scaling factor 0.8, the PSCCH and PSSCH performance are roughly balanced. However, this maybe not a desired operating point as typically the control channel (PSCCH) should be more reliable than the data channel (PSSCH). Further, it should then be noted that any scaling value of less than 0.8 is then meaningless as control link budget will become a bottleneck.

2. Target 1% BLER for PSCCH and 10% BLER for PSSCH. 
In this case, TBS scaling factor 1 is sufficient. 

Observation 1: Simulations suggest scaling value of 1 is sufficient as the link budgets to achieve (1%, 10%) BLER for (PSCCH, PSSCH) match with MCS0 based on R14 MCS table.
Nonetheless, at this point we allow both options and will discuss the two candidate scaling factors 1 and 0.8 to further study other performance metrics agreed in the last meeting. 
2.2.
SNR vs spectrum efficiency (SE) for PSSCH
In this section we evaluate the relationship between the SNR (required for 1% BLER) and spectrum efficiency for PSSCH, under different TBS scaling factor (1 or 0.8). Specifically, we obtain the 1% BLER SNR with different TBS indexes, but plot the result in terms of SNR vs spectrum efficiency, where

Spectrum efficiency = TBS size after scaling / (number of RBs * 180kHz * 1ms).

The simulation assumption is the same as those in Section 2.1, and there is no retransmission. Since there will be switching points between QPSK, 16QAM, and 64QAM, not all modulations for each TBS index are simulated. Figure 1 shows the results with 8 RBs, and Figure 2 shows the results with 18 RBs.
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(a) TBS scaling = 1                                                                (b) TBS scaling = 0.8

Figure 1. Required SNR for 1% BLER, 8 RBs
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(a) TBS scaling = 1                                                                (b) TBS scaling = 0.8
Figure 2. Required SNR for 1% BLER, 18 RBs
Note that in Figure 1 and 2, the peak SE with scaling factor 1 or 0.8 could differ slightly due to quantized TBS points, but there is no consistent advantage of scaling factor 1 or 0.8 as it depends on the RB size. Specifically, in Figure 1(b) with 8 RBs, the highest TBS size (TBS 26) can be supported with scaling factor 0.8. This makes the peak SE in Figure 1(b) higher than Figure 1(a). However, with 18 RBs, TBS 26 cannot be supported with scaling factor 0.8 (i.e., BLER = 1 when SNR = 20dB). As a result, the peak SE in Figure 2(b) is lower than Figure 2(a). 

Further, note that due to the irregularities introduced by puncturing, the SNR is not strictly monotonic with the spectrum efficiency. And the irregularity differs for different PSSCH RB sizes. As a result, it may not be feasible to find switching points between QPSK, 16QAM, and 64QAM such that the SNR is non-decreasing with MCS index in all cases. Therefore, the MCS table should be chosen such that the SNR is non-decreasing with MCS index in most cases.
If scaling factor 1 is used, then based on Figure 1(a) and Figure 2(a), it is reasonable to choose TBS 8 as the switching point between QPSK and 16QAM, and TBS 14 as the switching point between 16QAM and 64QAM. If scaling factor 0.8 is used, then based on Figure 1(b) and Figure 2(b), the switching points can be TBS 10 and TBS 18 respectively. Therefore, we make the following proposal.
Proposal 1: For R-15, Table 2 gives the candidate MCS tables. 

Table 2: Proposed candidate MCS tables for R-15

	A. MCS table for TBS scaling factor 1
	B. MCS table for TBS scaling factor 0.8

	MCS Index
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Note: For R-14, modulation order Qm = min(4, Qm’)
	MCS Index
[image: image8.wmf]MCS

I


Modulation Order
[image: image9.wmf]'

m

Q


TBS Index
[image: image10.wmf]TBS

I


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

2
10
11

4

10

12

4

11

13

4

12

14

4

13

15

4
14
16

4
15
17

4
16
18

4
17
19

4
18
20

6

18

21

6

19

22

6

20

23

6

21

24

6

22

25

6

23

26

6

24

27

6

25

28

6

26

 


2.2.
2-TTI transmissions

According to the agreements, we need to check whether there is any problematic MCS index with 2-TTI transmissions, where the first symbols of both transmissions are punctured.

We used the same simulation assumptions as in section 2.1, but with 2-TTI transmissions. For all cases with 8 RBs and 18 RB and with different scaling factors 1 and 0.8, we found that the BLERs of all MCS indexes are 0 when SNR is 20dB. Therefore, there is no problematic MCS index.

Observation 2: There is no problematic MCS index with 2-TTI transmission with scaling factor equal to 1.
3
Comparison of different designs

In this section, we further compare the two different designs in terms of other agreed criteria. 
· Design 1: the TBS scaling factor is 1 and the MCS table is Table 2-A
· Design 2: the TBS scaling factor is 0.8 and the MCS table is Table 2-B
3.1.
SNR vs Spectrum efficiency for PSSCH
Based on Figure 1, Figure 2, and the proposed MCS tables (Table 2), we can derive the required SNR (for 1% BLER) for each MCS index for both designs. Also, the spectrum efficiency of each MCS can be computed. In Figure 3, we plot the SNR vs spectrum efficiency for both designs. 
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Figure 3. SNR vs spectrum efficiency for PSSCH

From Figure 3 it can be observed that all curves almost overlap, except for a few irregularities caused by puncturing. This is expected, since for a given spectrum efficiency, the required SNR (using a suitable modulation scheme) should be almost fixed.
3.2.
Granularity of SNR difference
We plot the CDF of delta SNR (i.e., SNR difference between adjacent PSSCH spectrum efficiency points) in Figure 4. As expected, Design 2 has more refined SNR granularity due to a scaling factor of 0.8, but the difference from Design 1 is quite small. (Note that in a few cases the delta SNRs are negative, due to the irregularity caused by puncturing.)
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Figure 4. Granularity of SNR difference
3.3.
Peak spectrum efficiency with retransmission
The peak spectrum efficiency is obtained with TBS size 26 in both designs. With retransmission, the total transmission time is 2ms, so 

Spectrum efficiency = TBS size after scaling / (number of RBs * 180kHz * 2ms).
The results are shown in Table 3.

Table 3. Peak spectrum efficiency with retransmissions
	PSSCH (8 RBs)

	Design 1
	Design 2

	2.0806 bit/s/Hz
	1.5250 bit/s/Hz

	PSSCH (18 RBs)

	Design 1
	Design 2

	2.0889 bit/s/Hz
	1.5889 bit/s/Hz


Clearly, Design 1 (w/ TBS scaling factor 1) gives higher peak spectrum efficiency. Given that there is no problematic MCS index, Design 1 has an advantage here.
Summarizing the above aspects, we have the following observation.
Observation 3: Design 1 (scaling = 1) and Design 2 (scaling = 0.8) have similar SNR vs spectrum efficiency, and similar SNR granularity. Neither design has problematic MCS indexes with 2-TTI transmission. However, Design 1 achieves higher peak spectrum efficiency with 2-TTI transmission. 

Therefore, we make the following proposal.

Proposal 2: Adopt Design 1: the TBS scaling factor is 1, and the MCS table is Table 2-A.
3
Conclusion

In this contribution, we make the following observations and proposal for the MCS/TBS tables of R-15. 
Observation 1: Simulations suggest that scaling value of 1 is sufficient as the link budgets to achieve (1%, 10%) BLER for (PSCCH, PSSCH) match with MCS0 based on R14 MCS table.

Observation 2: There is no problematic MCS index with 2-TTI transmission with scaling factor equal to 1.
Observation 3: Design 1 (scaling = 1) and Design 2 (scaling = 0.8) have similar SNR vs spectrum efficiency, and similar SNR granularity. Neither design has problematic MCS indexes with 2-TTI transmission. However, Design 1 achieves higher peak spectrum efficiency with 2-TTI transmission. 

Proposal 1: For R-15, Table 2 gives the candidate MCS tables. 
Proposal 2: Adopt Design 1: the TBS scaling factor is 1, and the MCS table is Table 2-A.
References

[1] 3GPP 36.213

[2] R1-1721250
