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1
Introduction
In RAN1#76bis, good progress on 256QAM design was made. In this contribution, we provide our views on some remaining details of supporting 256QAM for downlink transmissions.
2
Discussion
In RAN1#76bis, good progress on supporting 256QAM for downlink transmissions was made. In particular, the following was agreed:
· 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 problems 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

· TBS table

· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency

· Use 136 REs per PRB for the highest spectral efficiency

· Limit the number of new TBS values as much as possible

· DCI format 1A and DCI format 1C are associated with the legacy MCS table, i.e., not supporting 256QAM PDSCH scheduling

· For all other DCI formats scheduling PDSCH, 256QAM can be supported

· 256QAM PDSCH scheduling is only supported for C-RNTI based PDSCH transmissions

· FFS whether or not 256QAM is supported for PMCH transmissions

· 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 TM10, decide in RAN1#77 between the following alternatives:

· Alt 1: CQI table can be CSI process dependent and MCS table can be PQI dependent

· Alt 2: CQI table is common for all CSI processes and MCS table is common for all PQI sets

· Alt 3: CQI table can be CSI process dependent and MCS table is common for all PQI states

· FFS, decide in RAN1#77 between the following two alternatives 

· Alt 1: the use of 256QAM CQI table can be configured for each measurement subframe set 

· Alt 2: the use of 256QAM CQI table can be configured is common for all measurement subframe sets

Herein we provide our views on additional details of supporting 256QAM for downlink transmissions.
2.1
CQI Table for 256QAM
Currently, CQI reporting is based a 4-bit table, as shown below. The existing 4-bit table covers up to 64QAM, with the maximum spectral efficiency of 5.55bps/Hz, or a maximum coding rate of 0.925.
Table 1 Existing 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


It was agreed as a working assumption to down-sample low CQI entries by removing 3 QPSK entries, and to add 3 new entries for 256QAM region. The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6}. Note that in Rel-8 TBS table design, CQI entry #1 is not mapped to any TB size. Instead, CQI entry #1 was deemed to be useful for PDCCH related performance management. As a result, it is preferable to remove {#2, #4, #6}.

· Proposal1: Remove QPSK entries {#2, #4, #6} in the legacy CQI table for 256QAM support

To have 4 CQI entries for 256QAM, it is reasonable to assume the following:

· The lowest 256QAM entry has the spectral efficiency corresponding to CQI 15 of the legacy CQI table, i.e., 5.55bps/Hz

· The highest 256QAM entry has the spectral efficiency corresponding to largest possible coding rate – same as that of 64QAM in Rel-8. That is, the maximum spectral efficiency for 256QAM can be 948/1024 (max coding rate) * 8 (mod order for 256QAM) = 7.4063 bps/Hz

To find the remaining two CQI entries for 256QAM, we can follow similar philosophy in Rel-8. That is, the remaining two CQI entries should be such that equal SNR spacing between the 4 256QAM entries is achieved. To that end, simulations are performed by assuming rank 1 PDSCH transmission in an AWGN channel, where the PDSCH is assigned with 4 RBs, each of 120 REs, similar to the simulation assumptions in Rel-8. The following table summarizes the required SNR for 10% BLER after the initial transmission for 256QAM, where the required SNRs are the 4 256QAM entries are roughly equally spaced.
Table 2 Required SNR for 10% PDSCH BLER, 4 RBs

	TBS

(bits)
	Spectral Efficiency

(bits/s/Hz)
	Coding Rate
	SNR

(dB)

	2664
	5.55
	0.694
	17.77

	3072
	6.4
	0.8
	20.23

	3392
	7.067
	0.8833
	22.7

	3555
	7.406
	0.9258
	25.17


For comparison, a 50-RB PDSCH assignment is also considered, which is summarized in the following table:
Table 3 Required SNR for 10% PDSCH BLER, 50 RBs

	TBS

(bits)
	Spectral Efficiency

(bits/s/Hz)
	Coding Rate
	SNR

(dB)

	33329
	5.55
	0.694
	17.7

	39350
	6.55
	0.819
	20.7

	43625
	7.27
	0.909
	23.7

	44438
	7.406
	0.9258
	26.7


As can be seen, there is some difference in the target spectral efficiencies for 256QAM CQI entries between 4-RB PDSCH and 50-RB PDSCH cases. However, to align with Rel-8 assumptions, we can use the 4-RB PDSCH results to design the CQI table for 256QAM. This implies that the two additional 256QAM entries should have coding rates of 0.8 and 0.8833, corresponding to spectral efficiencies of 6.4 bps/Hz and 7.07 bps/Hz, respectively.

· Proposal 2: The 4 256QAM CQI entries should have spectral efficiencies 5.55, 6.4, 7.07 and 7.406.

The new CQI table is summarized in Table 4.

Table 4 Proposed new 4-bit CQI Table supporting 256QAM

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	193
	0.3770

	3
	QPSK
	449
	0.8770

	4
	16QAM
	378
	1.4766

	5
	16QAM
	490
	1.9141

	6
	16QAM
	616
	2.4063

	7
	64QAM
	466
	2.7305

	8
	64QAM
	567
	3.3223

	9
	64QAM
	666
	3.9023

	10
	64QAM
	772
	4.5234

	11
	64QAM
	873
	5.1152

	12
	256QAM
	711
	5.5547

	13
	256QAM
	819
	6.3984

	14
	256QAM
	905
	7.0703

	15
	256QAM
	948
	7.4063


Due to restricted subframe measurements and/or eIMTA operation, different subframe sets may experience drastically different channel conditions. As a result, to associate CSI feedback always with the new CQI table may be problematic in some cases. Instead, for subframes when strong interference is expected, legacy CQI table would be more appropriate. 
Similarly, for CoMP operation, two or more CSI processes may be configured, where each CSI process may be associated with different transmission points. Since a UE may observe different channel/interference conditions for different transmission points, it is also reasonable to consider introducing different CQI tables for different CSI processes.
Proposal 3: 
· Consider supporting subframe set dependent CQI table for CSI feedback and supporting CSI process dependent CQI table for CSI feedback.
2.2
MCS/TBS Table

Current MCS table for DL assignments is based on a 5-bit table, as shown below. Due to 3 possible modulation schemes, 3 implicit entries (29/30/31) are included to enable more re-transmissions. Each MCS index is also mapped to a TBS index for TBS look-up. Note that there are some duplicate TBS index entries (e.g. 9 and 15).
Table 5 Existing Modulation and TBS index table for PDSCH
	MCS Index
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	Modulation Order
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	TBS Index
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	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
	6
	15

	18
	6
	16

	19
	6
	17

	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

	29
	2
	reserved

	30
	4
	

	31
	6
	


The corresponding spectral efficiencies for the Rel-8 MCS table are shown below:

Table 6 Spectral Efficiencies for Rel-8 MCS Table

	MCS INDICES
	Spectral Efficiency
	Notes

	0
	0.2344
	from CQI table

	1
	0.3057
	Average Efficiency

	2
	0.377
	from CQI table

	3
	0.4893
	Average Efficiency

	4
	0.6016
	from CQI table

	5
	0.7393
	Average Efficiency

	6
	0.877
	from CQI table

	7
	1.0264
	Average Efficiency

	8
	1.1758
	from CQI table

	9
	1.3262
	Average Efficiency

	10
	1.3262
	Overlap

	11
	1.4766
	from CQI table

	12
	1.69535
	Average Efficiency

	13
	1.9141
	from CQI table

	14
	2.1602
	Average Efficiency

	15
	2.4063
	from CQI table

	16
	2.5684
	Average Efficiency

	17
	2.5684
	Overlap

	18
	2.7305
	from CQI table

	19
	3.0264
	Average Efficiency

	20
	3.3223
	from CQI table

	21
	3.6123
	Average Efficiency

	22
	3.9023
	from CQI table

	23
	4.21285
	Average Efficiency

	24
	4.5234
	from CQI table

	25
	4.8193
	Average Efficiency

	26
	5.1152
	from CQI table

	27
	5.33495
	Average Efficiency

	28
	5.5547
	from CQI table


The design of MCS table should be correlated with the design CQI table, since the latter provides the basis for efficient DL rate adaptation. Note the following:
· Instead of 3 implicit entries, 4 implicit entries are necessary due to 4 possible modulation orders (which was agreed as a working assumption in RAN#76bis)
· This also implies that there are only 28 explicit entries (0-27) available

· The two MCS indices with duplicate TBS indices can be removed

· As a result, the impact on TBS resolution can be minimized

· To align with the new CQI table design, some QPSK entries should be removed
· If CQI entries {#2, #4, #6} are removed, the corresponding 6 MCS indices (after interpolation) can be removed as well. However, since we only need 7 256QAM entries, we can consider keeping MCS entry 0, which will also ensure good backward compatibility operations. 
With the above arrangement, we can have the following spectral efficiencies for the new MCS table for 256QAM. 

Table 7  Proposed Spectral Efficiencies for the New MCS Table

	MCS INDICES
	Spectral Efficiency
	Notes

	0
	0.2344
	Legacy MCS #0

	1
	0.377
	from CQI table

	2
	0.4893
	Average Efficiency

	3
	0.877
	from CQI table

	4
	1.0264
	Average Efficiency

	5
	1.4766
	from CQI table

	6
	1.69535
	Average Efficiency

	7
	1.9141
	from CQI table

	8
	2.1602
	Average Efficiency

	9
	2.4063
	from CQI table

	10
	2.5684
	Average Efficiency

	11
	2.7305
	from CQI table

	12
	3.0264
	Average Efficiency

	13
	3.3223
	from CQI table

	14
	3.6123
	Average Efficiency

	15
	3.9023
	from CQI table

	16
	4.21285
	Average Efficiency

	17
	4.5234
	from CQI table

	18
	4.8193
	Average Efficiency

	19
	5.1152
	from CQI table

	20
	5.33495
	Average Efficiency

	21
	5.5547
	from CQI table (256QAM)

	22
	5.9766
	Average Efficiency (256QAM)

	23
	6.3984
	from CQI table (256QAM)

	24
	6.7344
	Average Efficiency (256QAM)

	25
	7.0703
	from CQI table (256QAM)

	26
	7.2383
	Average Efficiency (256QAM)

	27
	7.4063
	from CQI table (256QAM)


The corresponding MCS table is shown below.

Table 8 Proposed new Modulation and TBS index table for PDSCH with 256QAM
	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	2

	2
	2
	3

	3
	2
	6

	4
	2
	7

	5
	4
	10

	6
	4
	11

	7
	4
	12

	8
	4
	13

	9
	4
	14

	10
	4
	15

	12
	6
	16

	12
	6
	17

	13
	6
	18

	14
	6
	19

	15
	6
	20

	16
	6
	21

	17
	6
	22

	18
	6
	23

	19
	6
	24

	20
	6
	25

	21
	8
	26

	22
	8
	27

	23
	8
	28

	24
	8
	29

	25
	8
	30

	26
	8
	31

	27
	8
	32

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	


Note that since DCI format 1A is always associated with the legacy MCS table, there is no need to keep common MCS entries between the legacy MCS table and the new MCS table. As a result, we propose:

Propose 4: 

· The 7 256QAM entries in the new MCS table

· Have spectral efficiencies based on the 4 new 256QAM CQI entries and 3 interpolated values, and

· Replace the following 7 MCS entries in the legacy MCS table {#1, #4, #5, #8, #9, #10, #17, #28}.
· The new TBS should be based on the new spectral efficiencies offered by 256QAM.
· The new MCS table is ordered based on spectral efficiency. 

2.3
CoMP Aspects

In Rel-11, a 2-bit PDSCH rate matching and quasi-co-location indicator (PQI) field was introduced to facilitate CoMP operation. Each PQI entry is associated with a RRC configuration parameter set, where each set of parameters can be associated with a transmission point involved in the CoMP operation. Note that different transmission points may be of different releases. In addition, channel conditions observed by each transmission point can be quite different, some possibly favorable for 256QAM operation while others possibly inappropriate for 256QAM. As a result, it seems reasonable to include an indication whether the legacy MCS/TBS table or the new MCS/TBS table should be used for a particular transmission point. In addition, for a UE configured to monitor EPDCCH and if two EPDCCH resource sets are configured, it is also worth considering specifying EPDCCH resource set dependent MCS/TBS table. 
Proposal 5:

· Consider adding an indicator of legacy MCS/TBS table or new legacy MCS/TBS in the parameter set associated with PQI for CoMP operation. In addition, consider specifying EPDCCH resource set dependent MCS/TBS table. 
2.4
256QAM for PMCH
Due to SFN operation, PMCH reception is expected to experience very favourable channel conditions.  At the same time, Rank>1 is not defined for MBMS, therefore there can be situations where even the cell edge UEs are limited by the modulation order, not by the SNR.  As a result, it is worth considering supporting 256QAM for PMCH to further improve eMBMS spectral efficiency.  It is noted that the new MCS table are not backward compatible and legacy UEs can’t benefit the new 256QAM MCS entries. However, such limitation can be handled by implementation and deployments.
Proposal 6:

· Consider supporting 256QAM for PMCH.
3


Conclusions 

In this contribution, we provided our views on how to support 256QAM for DL transmissions and propose:
· Remove QPSK entries {#2, #4, #6} in the legacy CQI table for 256QAM support.
· The 4 256QAM CQI entries should have spectral efficiencies 5.55, 6.4, 7.07 and 7.406, as shown in Table 4.
· Consider supporting subframe set dependent CQI table for CSI feedback and supporting CSI process dependent CQI table for CSI feedback.
· The 7 256QAM entries in the new MCS table, as shown in Table 8
· Have spectral efficiencies based on the 4 new 256QAM CQI entries and 3 interpolated values, and

· Replace the following 7 MCS entries in the legacy MCS table {#1, #4, #5, #8, #9, #10, #17, #28}.

· The new TBS should be based on the new spectral efficiencies offered by 256QAM, shown in Table 7.
· The new MCS table is ordered based on spectral efficiency, as shown in Table 8.
· Consider adding an indicator of legacy MCS/TBS table or new legacy MCS/TBS in the parameter set associated with PQI for CoMP operation. In addition, consider specifying EPDCCH resource set dependent MCS/TBS table. 
· Consider supporting 256QAM for PMCH.
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