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1. Introduction

In RAN1 #77, the following agreements were made for the introduction of higher order modulation with respect to CQI/MCS/TBS tables.  In this paper, we provide our views for CQI/MCS/TBS tables and discuss specification impacts associated with higher order modulation. 

Agreement:
The working assumption regarding the Gray mapping for 256QAM is confirmed:

· Adopt binary reflected Gray mapping for 256QAM shown as follows:
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 {(1−2bi)[8−(1−2bi+2)[4−(1−2bi+4)[2−(1−2bi+6)]]]
                +j(1−2bi+1)[8−(1−2bi+3)[4−(1−2bi+5)[2−(1−2bi+7)]]]}

CQI Table:
· down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Spectrum efficiency (SE) for the last 256QAM entry is 7.4063

· The 3 QPSK entries to be removed are existing {#2, #4, #6} 

· Working assumption: Following CQI table is applied for 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 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


MCS Table:
· The # of implicit entries is 4

· Remove entries with overlapping spectral efficiency but different modulation orders

· Retain I_TBS=0

· Remove at least existing MCS entries {#1, #3, #5, #7, #9, #10, #17, #28}

· Working assumption:

· Not to additionally remove any other MCS entry or entries 

· The positions of MCS indices are ordered based on spectral efficiency

· Working assumption: following MCS table is applied for 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 
	4 

	3
	2 
	6 

	4
	2 
	8 

	5
	4 
	10 

	6
	4 
	11 

	7
	4 
	12 

	8
	4 
	13 

	9
	4 
	14 

	10
	4 
	15 

	11
	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 
	27 

	22
	8 
	28 

	23
	8 
	29 

	24
	8 
	30 

	25
	8 
	31 

	26
	8 
	32 

	27
	8 
	33 

	28
	2 
	reserved 

	29
	4
	

	30
	6
	

	31
	8
	


TBS Table:
· Same design principle is applied for TBS table used up to Rel-10
Working assumption:
· TBS entries for 256QAM is table 1 and table 2 in R1-142735
256QAM signaling and configuration
Working assumption:
· For TM10, CQI table are common for all CSI processes and/or Rel-11 subframe measurement sets and MCS table is common for all PQI sets
· For TM1-9, 256QAM CQI table can be configured per each Rel-11 subframe measurement set
2. CQI/MCS/TBS Table Design
· CQI Table

In terms of CQI table design, one remaining issue is CQI #13/#14 which is agreed as working assumption. Four CQI entries of 256QAM are arranged with roughly equal SNR step around 1.9dB for AWGN channel targeting at 10% BLER. Further optimization of CQI #13/#14 may not be sufficiently beneficial in terms of performance gain and limited meeting time in Rel 12.  Therefore the working assumption of CQI table design can be confirmed. 
· MCS Table
Table 1: MCS Table in Working Assumption
	MCS Index
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	Existing 

Modulation Order
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	Existing 

TBS Index 
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	Existing 

Spectral Efficiency
	New

Modulation Order
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	New

TBS Index 
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	New

Spectral Efficiency

	0
	2 (CQI 2)
	0
	0.2344
	2 
	0 
	0.2344

	1
	2
	1
	Interpolate
	2 (CQI 2)
	2 
	0.3770

	2
	2 (CQI 3)
	2
	0.3770
	2 
	4 
	0.6016

	3
	2
	3
	Interpolate
	2 (CQI 3)
	6 
	0.8770

	4
	2 (CQI 4)
	4
	0.6016
	4 
	8 
	1.1758

	5
	2
	5
	Interpolate
	4 (CQI 4)
	10 
	1.4766

	6
	2 (CQI 5)
	6
	0.8770
	4 
	11 
	Interpolate

	7
	2
	7
	Interpolate
	4 (CQI 5)
	12 
	1.9141

	8
	2 (CQI 6)
	8
	1.1758
	4 
	13 
	Interpolate

	9
	2
	9
	Interpolate
	4 (CQI 6)
	14 
	2.4063

	10
	4 
	9
	Interpolate
	6
	15 
	Interpolate

	11
	4 (CQI 7)
	10
	1.4766
	6 (CQI 7)
	16 
	2.7305

	12
	4 
	11
	Interpolate
	6
	17 
	Interpolate

	13
	4 (CQI 8)
	12
	1.9141
	6 (CQI 8)
	18 
	3.3223

	14
	4 
	13
	Interpolate
	6
	19 
	Interpolate

	15
	4 (CQI 9)
	14
	2.4063
	6 (CQI 9)
	20 
	3.9023

	16
	4 
	15
	Interpolate
	6
	21 
	Interpolate

	17
	6
	15
	Interpolate
	6 (CQI 10)
	22 
	4.5234

	18
	6 (CQI 10)
	16
	2.7305
	6
	23 
	Interpolate

	19
	6
	17
	Interpolate
	6 (CQI 11)
	24 
	5.1152

	20
	6 (CQI 11)
	18
	3.3223
	6
	25 
	Interpolate

	21
	6
	19
	Interpolate
	8 (CQI 12)
	27 
	5.5547

	22
	6 (CQI 12)
	20
	3.9023
	8
	28 
	Interpolate

	23
	6
	21
	Interpolate
	8 (CQI 13)
	29 
	6.2266

	24
	6 (CQI 13)
	22
	4.5234
	8
	30 
	Interpolate

	25
	6
	23
	Interpolate
	8 (CQI 14)
	31 
	6.9141

	26
	6 (CQI 14)
	24
	5.1152
	8
	32 
	Interpolate

	27
	6
	25
	Interpolate
	8 (CQI 15)
	33 
	7.4063

	28
	6 (CQI 15)
	26
	5.5547
	2
	reserved
	

	29
	2
	reserved
	
	4
	reserved
	

	30
	4
	
	
	6
	reserved
	

	31
	6
	
	
	8
	reserved
	


Note: Red entries in existing MCS table are removed; Green entries are preserved in both existing and 256QAM MCS tables; Violet entries are added into 256QAM MCS table;

In terms of MCS table design, it seems that the only issue is about the ordering of MCS entries. The main argument of keeping existing ordering of common MCS entries between 256QAM MCS table and legacy MCS table is due to RRC reconfiguration ambiguity. However, in our understanding, there is no such ambiguity. No matter what RRC design of MCS table switching mechanism could be, the UE will receive RRC Connection Reconfiguration signaling to switch to the new MCS table. After the UE acknowledges the RRC Connection Reconfiguration signaling, the UE will apply the new MCS table. The network would consider the time of receiving RRC Connection Reconfiguration Complete message as the time of applying the new MCS table for the UE. If the MCS entries are not ordered by spectrum efficiency, it is expected that the eNB still has to re-arrange the table by itself for proper link adaption. Therefore it seems to lead to unnecessary complexity at the eNB side at least. Therefore the working assumption of MCS table design can be confirmed.

Observation 1: There is no problematic ambiguity during MCS table switching through RRC Connection Reconfiguration message.  
· TBS Table

The design principles of TBS table have been agreed through several RAN1 meetings, for example overhead assumptions, design principles up to Rel 10 and etc. We do not foresee any significant issues in the agreed design principles. Therefore the working assumption of TBS table design can be confirmed.  However, it has been pointed out by [4] for the potential problem of the peak data rate for 4 and 8 DMRS ports and will lead to the new overhead assumption of TBS design. So for the two FFS options in table 2 in [3], we slightly prefer option 1:

Table 2: FFS values for TBS table
	TBS_L2
	TBS_L3
	TBS_L4

	193768
	290664
	387560


Proposal 1: Confirm the working assumption of CQI, MCS and TBS table design, and adopt the values shown in Table 2 for the FFS TBS values. 
3. Higher Layer Signaling for Supporting 256QAM 
It has been agreed as working assumptions that for TM10 the CQI table is common for all CSI processes and/or Rel-11 subframe measurement sets and the MCS table is common for all PQI sets,  and for TM1-9 the 256QAM CQI table can be configured per Rel-11 subframe measurement set. But there are still different understandings about how to use the MCS tables and corresponding complexity introduced by these working assumptions. 
With email discussions in 77-23a and 77-24, at least two issues have been identified for working assumptions and options of RRC signaling design. Firstly, if there are any “remaining” subframes which are not a part of any measurement subframe set, they could use either 256QAM MCS table or legacy MCS table by higher layer configuration. How to switch MCS tables is an implementation issue.  So the network can flexibly adapt to traffic variations with ABS/non-ABS allocations within any “remaining” subframes. So if 256QAM is considered to be beneficial for eICIC operation, the configurability of MCS table might be supported for both subframe sets 0/1 and “remaining” subframes. The drawback is that it might be quite complicated for RRC signaling design due to subframe fragmentation. Secondly, RAN4 performance requirements would need to be defined PDSCH performance based on given CQI reporting.  Different RRC design options may lead to more or less RAN4 test cases. In summary, neither option discussed so far by email is simple enough to justify the benefits of the working assumptions.  

The difference between the legacy CQI table and the new 256QAM CQI table is only three 256QAM entries targeting the higher SINR region and three QPSK entries removed at the lower SINR region. CQI #12 targets at the same SE as the legacy CQI table.  Most of the 16QAM and 64 QAM entries are common between the two tables. Such commonality represents a medium SINR range roughly from 4dB to 20dB and enables a wide sliding window of CQI/MCS table switching, roughly about 16dB, without jeopardizing the accuracy of channel measurement. It is difficult to foresee a deployment scenario in which the two subframe sets can have more than 16dB difference in terms of interference measurement. The typical CRE value is about -6dB only.  The possibility of configuring 256QAM CQI/MCS table in PDSCH for eICIC is even lower than that of configuring 256QAM MCS table in PMCH [1].  The eICIC operation is mostly interference limited. 
Therefore our preference is the following:
Proposal 2: 256QAM CQI/MCS table configuration is common for all CSI processes of a UE and all subframe sets within a CSI process. 

With the above proposal, the network is still able to configure 256QAM MCS/CQI table for eICIC operation if necessary. The potential performance loss is for those non-ABS subframe which might suffer from reduced granularity of CQI/MCS entries in the low SINR region. However the new 256QAM CQI table still reserves 3 QPSK entries with a SNR step of 3.724dB. Such loss shall be negligible since 256QAM CQI table is configured for a serving cell when the channel is sufficiently good semi-statically. The common entries between the two CQI tables are sufficient to handle the variations of a fast fading channel, medium SINR range, and the variation of TPs for CoMP operation.  Moreover, the complexity of higher layer signalling design and RAN4 performance requirements could be minimized significantly by the above proposal. 

4. Conclusions

In this contribution, we make the following observation and proposals: 

Observation 1: There is no problematic ambiguity during MCS table switching through RRC Connection Reconfiguration message.  

Proposal 1:  Confirm the working assumption of CQI, MCS and TBS table design, and adopt the values shown in Table 2 for the FFS TBS values. 

Proposal 2: 256QAM CQI/MCS table configuration is common for all CSI processes of a UE and all subframe sets within a CSI process. 
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