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1 Introduction

In the RAN1#76 meeting, the principles of 256QAM CQI/MCS tables were agreed as:
· CQI table

· Support SE in the entire range from X1 bps/Hz to X2 bps/Hz
· Down-sample low CQI entries by removing Y1 entries, and add Y1 new entries for 256QAM region with even spacing
· Note: One company (Panasonic) express a concern that test and implied spec change is unnecessary high

· CQI  #0 to be equaled to out of range

· Switching point of 64QAM and 256QAM should be CQI Z (Z=14 or 15 in the existing table)

· FFS the positions of the CQI entries in the Rel-12 CQI table – to be decided between the following two options
· Option1: order the CQI indices according to the spectral efficiencies]
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
· Modulation and TBS index table

· Definition of N (N=3 or 4) reserved entries for adaptive retransmission 

· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x
· The need of overlapping spectral efficiency of different modulations is  FFS
· FFS the position of Modulation and TBS entries in the Rel-12 Modulation and TBS table
The agreement of 256QAM signaling includes:

· Use of 256QAM MCS/CQI table can be configured for each configured CC
· 256QAM is supported for all TMs
· Working assumption: 256QAM is supported at least for all DCI formats except for DCI format 1A and 1C, and FFS for DCI format 1A
· In TM10
· FFS: Use of 256QAM MCS table can be configured for the parameter set linked to each PQI field in DCI format 2D
· FFS: Use of 256QAM CQI table can configured for each CSI process
In [1], the principles of CQI/MCS table design in previous releases are introduced. Then the analysis and proposals for the new CQI/MCS table are provided to support 256QAM. 

This contribution continues to discuss the remaining issues brought up in the last RAN1 meeting. The key issues of the CQI/Modulation and TBS index tables will firstly be discussed, including the positions of the CQI/Modulation and TBS index entries in the Rel-12 tables, the switching point of 64QAM and 256QAM and the need of overlapping spectral efficiency of different modulations.
Then the signaling regarding 256QAM is further discussed, especially considering different subframe set and TM10 transmission.

The examples of the CQI/MCS design are given in the appendix.
2 Key issues for CQI/Modulation and TBS index table design
2.1 Positions of CQI/Modulation and TBS index entries in Rel-12 tables
There are two options of the positions of the CQI entries in Rel-12 CQI table, namely:
· Option1: order the CQI indices according to the spectral efficiencies
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
Option1 follows the philosophy of the current CQI table design. 
In option2, the CQI indices for 256QAM are inserted in the positions of removed lower Rel-8 CQI entries so that the remaining CQI indices are the same between the Rel-8 and Rel-12 CQI tables. The rationale of option2 to deviate from previous principle is mainly considering the RRC reconfiguration period. Before eNB receives the acknowledgement of RRC reconfiguration, the eNB might have ambiguity period of which CQI table UE uses for feedback. With option2, if the UE reports the CQI indices with the same definitions in the Rel-8 and Rel-12 CQI tables, there is not CQI mismatch between the eNB and the UE. However, if the UE reports the CQI indices with the different definitions in the Rel-8 and Rel-12 CQI tables, the eNB is still unclear which table the UE assumes. In this case, the eNB must adjust the reported CQI with a conservative value.
Actually the RRC reconfiguration ambiguity is not a new issue and it was not regarded as serious because of the low frequency and the short time duration. If the eNB is indeed uncertain about which CQI table the UE reports, it may simply adjust the reported CQI with a more conservative value, or it may regard the reported CQI as from legacy table, which is purely eNB implementation without extra effort.
Another concern on option2 is that it changes the definition of differential CQI since the 256QAM indices are interpolated among other modulation types. Thus it requires the redefinition of differential CQI, which causes extra standard and eNB/UE implementation effort. It is noted that the eNB and UE would implement existing differential CQI for legacy table. Thus option 2 enforces the eNB and UE to implement two types of differential CQI.
The comparisons between the two options for CQI index position are listed in table 1.

Table 1 comparisons of the two options for CQI index position
	
	Option1 
	Option2 

	
	Order the CQI indices according to the spectral efficiencies 
	Keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table 

	Advantage 
	No extra standard/ implementation effort 
	During RRC reconfiguration period:

-No CQI mismatch if UE reports the CQI indices with same definition in new and legacy tables.

	Disadvantage 
	Minor:

During the RRC reconfiguration period, eNB may adjust the reported CQI with a conservative value, or eNB may regard the reported CQI as from the legacy table.
	Major:

The definition of differential CQI is changed. It enforces the eNB and UE to implement two types of differential CQI, which requires unnecessarily extra standard and UE/eNB implementation effort.

Minor:

During the RRC reconfiguration period:

- eNB must adjust the reported CQI with a conservative value if the UE reports the CQI indices with different definition in the new and legacy tables 

	Proposal 
	Recommend option 1
	


Similar comparisons between the two options for Modulation and TBS index table index position are analyzed in table 2.

Table 2 comparisons of the two options for Modulation and TBS index table index position

	
	Option1 
	Option2 

	
	Order the modulation and TBS indices according to the spectral efficiencies 
	Keep the modulation and TBS indices the same for the common modulation and TBSs between Rel-8 and Rel-12 table 

	Advantage 
	Clean design. 

During RRC reconfiguration period,

-No MCS mismatch if eNB schedules the legacy MCS table with DCI format 1A
	During RRC reconfiguration period,

-No MCS mismatch if eNB schedules the MCS indices with same definition in new and legacy tables.

	Disadvantage 
	-
	Reduplicate design if DCI format 1A only supports Rel-8 modulation and TBS index table.

	Proposal 
	Recommend option 1
	


From the analysis above, it is clear that the option1 saves standard and implementation effort while provides sufficient support during the RRC reconfiguration period.
Proposal 1:

· Option 1 is adopted, i.e, 

· Order the CQI/Modulation and TBS entries in the Rel-12 CQI/Modulation and TBS index tables according to the spectral efficiencies
2.2 Switching point of 64QAM and 256QAM
It was analysed in [1] that the modulation order switching points in the CQI table should consider frequency selectivity. In the last RAN1 meeting, it was agreed to decide the switching point of 64QAM and 256QAM between the existing CQI 14 and CQI 15, i.e, between SE=5.1152 and SE=5.5547. The main reason which results in the different evaluation results is the different assumptions for channel model and antenna configuration. 
In the small cell enhancements TR [2], the agreed common link level simulation parameters include:
	Channel model and Doppler frequency
	EPA
- The delay profiles refer to 36.101 Table B.2.1-2
- Maximum Doppler frequency: 10Hz 

	MIMO configuration
	2x2 with low correlation
-       refer to 36.101 B.2.3.2


It is suggested that these parameters are still used for this study. 
From the evaluation results in the appendix, it is observed that the spectral efficiency of 5.33495(CQI=14.5) for 64QAM outperforms 256QAM, while the spectral efficiency of 5.5547(CQI=15) for 256QAM outperforms 64QAM in EPA channel with 2*2, 1*1 antenna configuration. Thus the switching point of 64QAM and 256QAM spectral efficiency should be lower than 5. 5547. 

It is therefore proposed that the modulation scheme of CQI index 15 is changed to 256QAM. Furthermore, it is suggested that the spectral efficiency value (5.5547) should be maintained to reduce impact on MCS/TBS tables.

Observation:

· Existing CQI=15 is the switching point between 64QAM and 256QAM

Proposal 2:

· The modulation order of existing CQI index 15 is changed to 256QAM
· The SE (5.5547) should be maintained to reduce impact on Modulation and TBS index/TBS tables
2.3 Overlapping spectral efficiency of different modulations
The design of overlapping spectral efficiency of different modulations in Rel-8 modulation and TBS index table provides support in fading channels. The main application scenarios for 256QAM are small cells with relatively flat channel and higher probability of LOS path, thus the necessity to have overlapping spectral efficiency of different modulations is less demand. It therefore can be considered to remove the entries with overlapping spectral efficiency of different modulations if there are not enough entries for the spectral efficiencies corresponding to 256QAM.
Proposal 3:

· Consider to remove the entries with overlapping spectral efficiency of different modulations if there are not enough entries to support the spectral efficiencies corresponding to 256QAM.

The examples of CQI and modulation and TBS index tables are given as table 3 and 4 in the appendix.
2.4 Signaling for 256QAM

It was agreed that 256QAM is supported in all the transmission mode, which means that 256QAM can be scheduled by most of the DCI formats. One exception is that when the UE enters fallback mode because of sudden channel and interference variation, it is not necessary to apply 256QAM to such UEs. Thus, it is proposed that DCI format 1A only supports the legacy table. Another exception is that for DCI format 3/3A, there is no field of MCS index for group power control.
Proposal 4-1:

· 256QAM is supported for all DCI formats except for DCI format 1A/3/3A 

· It was already agreed that 256QAM is not supported for DCI format 1C
In ABS scenarios with different subframe set, it is possible that the small cell UEs with and without ABS protection may encounter different channel conditions. Thus it is proposed that the use of 256QAM CQI/ Modulation and TBS index table can be configured for each subframe set. It was discussed in the last meeting that there are subframes that do not belong to either of the two subframe set and the behavior of UE in those subframes needs to be defined. One simple solution is to indicate one CQI/Modulation and TBS index table to the UE via higher layer signaling for those subframes.
Proposal 4-2:
· Use of 256QAM CQI/ Modulation and TBS index table can be configured for each subframe set
· For those subframes that do not belong to either subframe set, one CQI/ Modulation and TBS index table can be indicated to the UE via higher layer signaling

In CoMP scenarios, it is a common situation that different transmission points might have different modulation configurations, e.g, macro and pico cells are suitable to different modulation types. Therefore, it is necessary to provide the support to configure 256QAM CQI/MCS tables to each transmission point and transmission schemes.
Proposal 4-3:
· For TM10,
· Use of 256QAM CQI table can be configured for each CSI process

· Use of 256QAM Modulation and TBS index table can be configured for the parameter set linked to each PQI field in DCI format 2D 

3 Conclusions

In this contribution, the key issues on the 256QAM CQI/Modulation and TBS index table design are further analyzed. The proposals are summarized as follows. 
Proposal 1:

· Option 1 is adopted, i.e, 

· Order the CQI/Modulation and TBS entries in the Rel-12 CQI/Modulation and TBS index tables according to the spectral efficiencies
Proposal 2:

· The modulation order of existing CQI index 15 is changed to 256QAM
· The SE (5.5547) should be maintained to reduce impact on Modulation and TBS index/TBS tables
Proposal 3:

· Consider to remove the entries with overlapping spectral efficiency of different modulations if there are not enough entries to support the spectral efficiencies corresponding to 256QAM.

Proposal 4:

· 256QAM is supported for all DCI formats except for DCI format 1A/3/3A 

· It was already agreed that 256QAM is not supported for DCI format 1C
· Use of 256QAM CQI/ Modulation and TBS index table can be configured for each subframe set
· For those subframes that do not belong to either subframe set, one CQI/ Modulation and TBS index table can be indicated to the UE via higher layer signaling

· For TM10,
· Use of 256QAM CQI table can be configured for each CSI process

· Use of 256QAM Modulation and TBS index table can be configured for the parameter set linked to each PQI field in DCI format 2D 

The examples of CQI and Modulation and TBS index tables for 256QAM are provided in Table 3 and Table 4.
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Appendix
Table 3: Proposed 4-bit CQI table for 256QAM
	CQI index
	CQI index in current table
	Modulation
	Code rate x 1024
	Efficiency

	0
	0
	out of range

	1
	1
	QPSK
	78
	0.1523

	2
	2
	QPSK
	120
	0.2344

	3
	4
	QPSK
	308
	0.6016

	4
	6
	QPSK
	602
	1.1758

	5
	8
	16QAM
	490
	1.9141

	6
	9
	16QAM
	616
	2.4063

	7
	10
	64QAM
	466
	2.7305

	8
	11
	64QAM
	567
	3.3223

	9
	12
	64QAM
	666
	3.9023

	10
	13
	64QAM
	772
	4.5234

	11
	14
	64QAM
	873
	5.1152

	12
	15
	256QAM
	711
	5.5547

	13
	-
	256QAM
	790
	6.1719

	14
	-
	256QAM
	869
	6.7891

	15
	-
	256QAM
	948
	7.4063


Table 4. Proposed 5-bit MCS table for 256QAM
	MCS Index
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	MCS Index
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 in current table
	Modulation Order
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	TBS Index
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	0
	0
	2
	0

	1
	2
	2
	2

	2
	4
	2
	4

	3
	6
	2
	6

	4
	8
	2
	8

	5
	11
	4
	10

	6
	13
	4
	12

	7
	14
	4
	13

	8
	15
	4
	14

	9
	16
	4
	15

	10
	17
	6
	15

	11
	18
	6
	16

	12
	19
	6
	17

	13
	20
	6
	18

	14
	21
	6
	19

	15
	22
	6
	20

	16
	23
	6
	21

	17
	24
	6
	22

	18
	25
	6
	23

	19
	26
	6
	24

	20
	27
	6
	25

	21
	-
	8
	27

	22
	-
	8
	28

	23
	-
	8
	29

	24
	-
	8
	30

	25
	-
	8
	31

	26
	-
	8
	32

	27
	-
	8
	33

	28
	29
	2
	reserved

	29
	30
	4
	

	30
	31
	6
	

	31
	-
	8
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Figure 1: 64QAM/256QAM BLER comparison of the same spectral efficiency in the EPA channel with 2T2R rank 1

[image: image6.png]BLER

10

10

1152 B4QAM
1152 2550AM
—— CQI=14.5 SE=5.33495 540AM
—— CQI=14.5,SE=5.33495,2560AM
5,5E=5.5647 B4QAM
5547 2560AM

E

30
SNR [dB]





Figure 2: 64QAM/256QAM BLER comparison of the same spectral efficiency in the EPA channel with 2T2R rank 2
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Table 5: 64QAM/256QAM BLER comparison of the same spectral efficiency in the EPA channel with 1T1R

	Bandwidth
	10MHz

	Carrier frequency 
	2GHz

	Channel model 
	EPA

	Transmission mode
	TM4 for 2x2; TM1 for 1x1

	MIMO configuration
	2x2 with low correlation, 1x1 for EPA

	CRS configuration
	Antenna ports 0,1 for 2x2; antenna port 0 for 1x1

	Rank adaptation
	Fixed as 1 or 2

	Link adaptation
	Off

	HARQ
	Off

	UE receiver
	MMSE-IRC

	Channel estimation
	ideal

	Interference estimation
	ideal

	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 CRS for 2x2; 1-port CRS for 1x1
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