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1 Introduction
In the RAN1#76bis meeting, the principles of CQI and MCS table design for 256QAM were agreed as:
· CQI table
· Switching point of 64QAM and 256QAM should be CQI 15 in the existing table.

· The modulation order of existing CQI 15 is changed to 256QAM.
· Working assumption: down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region
· Revisit if significant issues are found.

· The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6} 
· The last 4 entries will be for 256QAM, but the actual SE is FFS
· Order the CQI indices in the Rel-12 CQI table according to the spectral efficiencies
· MCS table

·  7 explicit MCS entries for 256QAM

·  As a working assumption, the # of implicit entries is 4 (for QPSK, 16/64/256QAM re-transmissions).

· Revisit if significant issues are found.

In this contribution, we discuss the remaining design issues of CQI and MCS tables for 256QAM support and propose a CQI and MCS table design aligned with above agreed principles. 
2 CQI table for 256QAM
2.1 Removing existing CQI entries

In the RAN1#76bis meeting, it was agreed that, without increasing CQI table size, one 64QAM entry and three QPSK entries would be removed to add four 256QAM entries. Specifically, one 64QAM entry (CQI #15) is replaced with 256QAM and two options are on the table for removing three QPSK entries as 
· Option 1: The 3 entries {#1, #3, #5} are removed in the current CQI table
· Option 2: The 3 entries {#2, #4, #6} are removed in the current CQI table
Among the six entries listed in options 1 and 2, two entries deserve additional attention: CQI #1 and CQI #2. 

The role of CQI #1 is to allow a UE to indicate that its channel condition is not good enough receive any of the MCS levels with an average BLER of 10% (initial transmission) but it is still possible to decode a PDCCH transmission from the eNB. Upon receiving CQI #1, an eNB will know that the corresponding UE is in a bad channel condition and only very time sensitive data should be transmitted to it. Similar to CQI #1, CQI #0 is also used by the UE to indicate that the channel condition is bad but the key difference is that in case of CQI#0, it indicates that the channel condition is so bad that even PDCCH decoding is not likely. If CQI #1 is removed, a UE will not be able to indicate that it is in a bad channel condition where PDSCH performance (BLER of 10% on initial transmission) cannot be met but PDCCH can be reliably received. If CQI #1 is removed, a UE will have to indicate that it is out of coverage (CQI #0) even if the channel is good enough for reliable PDCCH reception.

The role of CQI #2 is to indicate that the lowest MCS level can be decoded with an expected BLER of 10% on initial transmission. CQI #2 is important in that it acts as the starting point of link adaptation. In other words, this CQI entry facilitates the efficient utilization of the lowest entries of the MCS table. If CQI #2 is removed, link adaptation might not be efficiently operated since there is no CQI entry that directly maps to the lowest MCS index.
Observations:

· For option 1, CQI #1 (indication of reliable PDCCH but higher than 10% BLER on PDSCH) is removed. In this case, it is expected that UEs in low geometries would have situations where it is reporting that it is out of coverage (CQI #0) even if PDCCH can be reliably decoded. 

· For option 2, CQI #2 (CQI index that directly maps to the lowest MCS index) is removed. As a consequence the performance of link adaptation might be less efficient.

Comparing option 1 and option 2, we prefer option 2 (not removing CQI #1) since it still allows UEs to indicate that the channel condition is bad but PDCCH reception is still possible. Such a feature allows more scheduling and operational flexibility at the eNB side.

Proposal: Option 2 (removal of CQI #2, CQI #4, CQI #6) is recommended to make room for inclusion of CQI entries corresponding to 256QAM.
2.2 Adding new CQI entries for 256QAM

By replacing QPSK/64QAM CQI entries with 256QAM entries and by ordering CQI indices according to the spectral efficiencies, the new CQI entries for 256QAM will cover a spectral efficiency range of 5.5547 bps/Hz to X bps/Hz where X is the maximum spectral efficiency supported by 256QAM. Compared to Rel-11, the maximum spectral efficiency (X=8×channel code rate) can be increased to 8×0.930=7.440. Note that the code rate 0.930 comes from 36.213 where it is specified that the UE may skip decoding a transmission in an initial transmission if the code rate is higher than 0.930. 
Another issue to consider is the uniform distribution of SNR that corresponds to the entries in the CQI table. Since each UE computes the effective SNR for the allocated channel and determines the appropriate CQI for feedback, it is desirable that entries in the CQI table correspond to uniformly quantized SNR step sizes. Therefore, a logical approach to add new CQI entries #12~15 would be introducing entries which have approximately equal step size in the expanded SNR range. One possible method is to define the maximum spectral efficiency X as 5.5547×8/6 = 7.4063 considering current CQI table design and to introduce CQI entries #12~15 with equal step size in the spectral efficiency range of 5.5547 bps/Hz to 7.4063 bps/Hz. An example of a CQI table generated with the above principles is given in Table 1.

Table 1. CQI table with X=7.4063. CQI entries CQI #2, CQI #4, CQI #6, CQI #15 have been modified to 256QAM.

	CQI index
	Corresponding
 CQI index in Rel-8.
	modulation
	code rate x 1024
	efficiency
	SNR [dB] 
obtained by simulations 

	0
	0
	Out of range

	1
	1
	QPSK
	78
	0.1523
	-

	2
	3
	QPSK
	193
	0.3770
	-2.58

	3
	5
	QPSK
	449
	0.8770
	0.77

	4
	7
	16QAM
	378
	1.4766
	4.65

	5
	8
	16QAM
	490
	1.9141
	6.6

	6
	9
	16QAM
	616
	2.4063
	8.43

	7
	10
	64QAM
	466
	2.7305
	10.43

	8
	11
	64QAM
	567
	3.3223
	12.13

	9
	12
	64QAM
	666
	3.9023
	14.25

	10
	13
	64QAM
	772
	4.5234
	16.0

	11
	14
	64QAM
	873
	5.1152
	17.6

	12
	-
	256QAM
	711
	5.5547
	20.4

	13
	-
	256QAM
	790
	6.1719
	22.3

	14
	-
	256QAM
	869
	6.7891
	24.16

	15
	-
	256QAM
	948
	7.4063
	27.9


 To verify that new CQI entries for 256QAM keep a reasonable linear granularity across the SNR range, we have added simulation results in Table 1 where SNR points satisfying 10% BLER are provided for each modulation and code rate combination. The simulation assumptions are provided in [1]. It can be observed that CQI entries for 256QAM have about 2dB step size in SNR.

Proposal: It is proposed to add four CQI entries #12~15 for 256QAM with equal step size in spectral efficiency of 5.5547 bps/Hz to 7.4063 bps/Hz.
3 MCS table for 256QAM

3.1 Removing existing MCS entries

In the RAN1#76bis meeting, it was agreed that 7 explicit and 1 implicit MCS entries are defined for 256QAM. As a result, in order to maintain the MCS table size, 8 MCS entries should be removed in the current MCS table. Since UEs configured for 256QAM support would likely experience good channel conditions, one approach would be to remove MCS entries in the lower end of the MCS table, i.e. QPSK entries. 

On the other hand, it would be beneficial to design a new MCS table which maintains robust performance considering the case for sudden degradation of channel conditions. One might argue that it is unlikely for such situations to occur in small cell scenarios but we also need to consider the future deployment of 256QAM for macro cells. Specifically, it is desirable to keep TBS #0 to ensuring the same RRC/VoIP robustness as in Rel-8. In order to use TBS #0, MCS #0 should be maintained in the new table (Principle-1). 

Furthermore, in order for a coherent design that allows for efficient link adaptation, the MCS table design must be done in conjunction with the CQI table design. As noted in the previous section, CQI entries for QPSK {#1, #3, #5} or {#2, #4, #6} would be removed in the existing CQI table and 64QAM of existing CQI #15 is changed to 256QAM.  Using the same principle in the design of the MCS table, the logical approach would be to remove every other MCS entries in the lower end of the existing MCS table rather than consecutive ones and remove MCS #28 in Rel-8 MCS table because corresponding entry for CQI #15 in current MCS table is MCS #28 (Principle-2). 

If additional entries need to be removed for supporting 256QAM, MCS entries with overlapping spectral efficiency of different modulations should be the next candidates. The MCS entries where which have the same TBS but different modulation orders were included in the MCS table since one modulation order could be better than the other depending on the frequency selectiveness of the channel. Although these entries allow the UE to pick the better modulation order for the same TBS, we think that such a feature is secondary compared to providing a uniform distribution of spectral efficiencies with small SNR intervals in a wide SNR range. Therefore, we propose to remove the MCS entries with overlapping spectral efficiency of different modulations (Principle -3). 

In order to comprehensively study which MCS entries should be removed in the existing MCS table to accommodate the 8 new CQI entries for 256QAM, evaluation results of BLER for existing MCS entries and new MCS entries for 256QAM mapping [2] are provided in Figure 1. In this evaluation, the small cell scenario [3] is considered to remove existing MCS entries. Further detailed evaluation assumptions are provided in Table 3 in Annex.
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Figure 1 BLER performance of existing MCS entries and new MCS entries for 256QAM.
Observations: 
· From Figure 1(a), it can be observed that Principle -2 (removing every other MCS entries for QPSK) can provide to maintain about 2dB SNR granularity in the low SNR region.

· From Figure 1(b)-(c), it can be observed that the higher modulation entries (MCS #10 and #17) with overlapping spectral efficiency show similar BLER performance with other MCS entries. Thus, it seems reasonable to remove the higher modulation in each overlapping region as Principle -3.
· In Figure 1(d), if we remove MCS #28, there exists about 2dB SNR granularity between MCS #27 and new MCS entry for 256QAM. Thus, it seems reasonable to maintain MCS #27 as an interpolation entry between 64QAM and 256QAM.
Based on the above observations, it is proposed that
Proposal:

· Retain MCS #0 in Rel-8 MCS table for RRC/VoIP to enable robust operation in a sudden degradation of channel conditions. 
· Remove every other MCS rather than consecutive ones in the MCS entries for QPSK to align with CQI table design.
· Remove MCS #28 in Rel-8 MCS table to align with CQI table design.
· Remove the higher modulation entries with overlapping spectral efficiency of different modulations.
· Retain MCS #27 in Rel-8 MCS table to minimize the impact of the increased granularity between 64QAM and 256QAM.
3.2 Adding new MCS entries for 256QAM

To accommodate 256QAM, 7 explicit MCS entries for 256QAM would be defined in the new MCS table. Specifically, 4 MCS entries can be added from the new CQI table entries for 256QAM and 3 MCS entries can be obtained by interpolating each CQI entries for 256QAM with equal step size in spectral efficiency. This is depicted in Table 2. In Table 2, MCS #21,#23,#25, and #27 are from CQI entries for 256QAM and MCS #22, #24, and #26 are obtained by interpolation. 
Proposal: It is proposed to obtain 7 explicit MCS entries for 256QAM from CQI table entries for 256QAM and interpolating MCS entries with equal step size in spectral efficiency.
In addition, two options are available for the positions of the MCS entries in the Rel-12 MCS table:
· Option A: Order the MCS indices according to the spectral efficiencies

· Option B: Keep the MCS indices the same for the common MCSs between Rel-8 and Rel-12 MCS table
As concluded in the TR36.872 for standards impacts of supporting 256QAM, higher layer signalling would be used to configure CQI/MCS table and/or 256QAM. Then, during the transition period between Rel-8 table and Rel-12 table, eNB and UE may have different understanding of the table usage. Actually, for option A, this reconfiguration ambiguity for MCS indication exists. However, this issue can be handled by eNB implementation. On the other hand, option B is not aligned with CQI table where MCS indices are ordered according to the spectral efficiencies but it is proposed to resolve this misunderstanding once the common entry between Rel-8 and Rel-12 table is signalled in this transition period. 
Observations:

· With option A, the reconfiguration ambiguity problem during the transition period may happen. This ambiguity can be avoided by eNB implementation. 

· With option B, the reconfiguration ambiguity problem does not happen once the common entry between Rel-8 and Rel-12 table is signalled during the transition period.
Proposal: It is proposed to take into account above observations to decide between option A and option B.
Additionally, the example of MCS table is given in Table 2 when the option A is applied and entries {#1, #3, #5, #7, #9, #10, #17, and #28} in existing MCS table are removed to accommodate the 8 new CQI entries for 256QAM. 
Table 2 MCS table in which entries {#1, #3, #5, #7, #9, #10, #17, and #28} in existing MCS table have been modified to 256QAM
	MCS index
	MCS index

in current table
	Modulation order
	code rate x 1024
	efficiency
	TBS index

	0
	0
	2
	120
	0.2344
	0

	1
	2
	2
	193
	0.3770
	2

	2
	4
	2
	308
	0.6016
	4

	3
	6
	2
	449
	0.8770
	6

	4
	8
	2
	602
	1.1758
	8

	5
	11
	4
	378
	1.4766
	10

	6
	12
	4
	434
	1.6954
	11

	7
	13
	4
	490
	1.9141
	12

	8
	14
	4
	553
	2.1602
	13

	9
	15
	4
	616
	2.4063
	14

	10
	16
	4
	658
	2.5684
	15

	11
	18
	6
	466
	2.7305
	16

	12
	19
	6
	517
	3.0264
	17

	13
	20
	6
	567
	3.3223
	18

	14
	21
	6
	616
	3.6123
	19

	15
	22
	6
	666
	3.9023
	20

	16
	23
	6
	719
	4.2129
	21

	17
	24
	6
	772
	4.5234
	22

	18
	25
	6
	822
	4.8193
	23

	19
	26
	6
	873
	5.1152
	24

	20
	27
	6
	910
	5.3350
	25

	21
	-
	8
	711
	5.5547
	27

	22
	-
	8
	751
	5.8633
	28

	23
	-
	8
	790
	6.1719
	29

	24
	-
	8
	830
	6.4805
	30

	25
	-
	8
	869
	6.7891
	31

	26
	-
	8
	909
	7.0977
	32

	27
	-
	8
	948
	7.4063
	33

	28
	29
	2
	reserved

	29
	30
	4
	

	30
	31
	6
	

	31
	-
	8
	


4 Conclusion
In conclusion, we have following observations and proposals:
Removing existing CQI entries
Observations:

· For option 1, CQI#1 (indication of reliable PDCCH but higher than 10% BLER on PDSCH) is removed. In this case, it is expected that UEs in low geometries would have situations where it is reporting that it is out of coverage (CQI#0) even if PDCCH can be reliably decoded. 

· For option 2, CQI#2 (CQI index that directly maps to the lowest MCS index) is removed. As a consequence the performance of link adaptation might be less efficient.

Proposal: Option 2 (removal of CQI#2, CQI#4, CQI#6) is recommended to make room for inclusion of CQI entries corresponding to 256QAM.
Adding new CQI entries for 256QAM
Proposal: It is proposed to add four CQI entries #12~15 for 256QAM with equal step size in spectral efficiency of 5.5547 bps/Hz to 7.4063 bps/Hz.
Removing existing MCS entries
Observations: 

· From Figure 1(a), it can be observed that Principle -2 (removing every other MCS entries for QPSK) can provide to maintain about 2dB SNR granularity in the low SNR region.

· From Figure 1(b)-(c), it can be observed that the higher modulation entries (MCS #10 and #17) with overlapping spectral efficiency show similar BLER performance with other MCS entries. Thus, it seems reasonable to remove the higher modulation in each overlapping region as Principle -3.
· In Figure 1(d), if we remove MCS #28, there exists about 2dB SNR granularity between MCS #27 and new MCS entry for 256QAM. Thus, it seems reasonable to maintain MCS #27 as an interpolation entry between 64QAM and 256QAM.
Proposal:

· Retain MCS #0 in Rel-8 MCS table for RRC/VoIP to enable robust operation in a sudden degradation of channel conditions. 

· Remove every other MCS rather than consecutive ones in the MCS entries for QPSK to align with CQI table design.

· Remove MCS #28 in Rel-8 MCS table to align with CQI table design.
· Remove the higher modulation entries with overlapping spectral efficiency of different modulations.

· Retain MCS #27 in Rel-8 MCS table to minimize the impact of the increased granularity between 64QAM and 256QAM.
Adding new MCS entries for 256QAM
Proposal: It is proposed to obtain 7 explicit MCS entries for 256QAM from CQI table entries for 256QAM and interpolating MCS entries with equal step size in spectral efficiency.
Observations:

· With option A, the reconfiguration ambiguity problem during the transition period may happen. This ambiguity can be avoided by eNB implementation. 

· With option B, the reconfiguration ambiguity problem does not happen once the common entry between Rel-8 and Rel-12 table is signalled during the transition period.
Proposal: It is proposed to take into account above observations to decide between option A and option B.
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6 Annex

Table 3 Link-Level Simulation Assumptions
	Parameter
	Value

	System Bandwidth
	10MHz

	Carrier frequency 
	3.5GHz

	Channel model 
	EPA

	Transmission mode
	TM9

	MIMO configuration
	2x2

	DMRS configuration
	Antenna ports 7,8 for 2x2

	Rank adaptation
	Fixed as 2

	Link adaptation
	Off

	HARQ
	Off

	UE receiver
	MMSE

	Channel estimation
	2D-MMSE

	PDP estimation
	ideal

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h

	Data Allocation
	4 RBs

	Channel coding
	Turbo

	Overhead assumption
	3 PDCCH symbols;

	
	2-port DMRS for 2x2
CSI-RS for 2x2
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