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1. Introduction

At the last RAN1 meeting, CQI/MCS/TBS table design was discussed and the following progress was achieved [1]. 
Agreements:
· 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

· 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 address some remaining issues regarding the CQI/MCS/TBS table design and share our views. 
2. Remaining Issues
CQI table
For the legacy CQI table, the operational SNR range is [-7, 19.488] dB with an approximate spacing of 1.892 dB between 2 adjacent CQI points. To support new entries of 256QAM, the operational SNR range should be extended to approximately [-7dB, 25.3 dB] assuming that the same level of the highest code rate is supported as the legacy CQI table. 
Regarding the code rates and spectral efficiencies for new entries, we prefer the code rates and spectral efficiencies in Table I. New CQI index #12 is the switching point between 64QAM and 256QAM and its spectral efficiency is the same as that for legacy CQI index #15, which could avoid a large impact on the MCS table and TBS [2]. New CQI indices #13, #14, and #15, achieve the same code rate with legacy CQI indices #13, #14, and #15, respectively. The motivation for sharing the same code rate is to facilitate the TBS design so that less design effort is required and introduction of new TBS sets is limited (we will elaborate on the new TBS generation based on the proposed code rates in the following section). In addition, Fig. 1 shows the BLER performance of the proposed code rates under different SNR situations. It is observed that there is no significant SNR difference compared to the legacy SNR spacing. The legacy CQI table generation rule is also retained. 
Table I. Proposed Code Rates and Spectral Efficiencies for New Entries
	CQI index
	Modulation 
	Code rate X 1024
	Efficiency

	12
	256QAM
	711
	5.5547

	13
	256QAM
	772
	6.0313

	14
	256QAM
	873
	6.8203

	15
	256QAM
	948
	7.4063
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Figure 1 BLER performance.
Proposal 1: Adopt code rates and spectral efficiencies in Table I for the new CQI entries

By adding new 256QAM entries, it was assumed that 3 QPSK entries should be sampled. The detailed sampled entries will be chosen from CQI index {#1,#3,#5} and CQI index {#2,#4,#6}. Table II gives a throughput performance comparison for these two alternatives. Removing CQI index {#1,#3,#5} slightly outperforms removing index {#2, #4, #6}. Furthermore, as the MCS table is extended based on the CQI table, the impact on the MCS table should also be taken into account. According to the current specifications, the lowest MCS index, MCS index #0, is mapped to CQI index #2. In addition, to support robust system operation, it is desired to retain TBS 0 to ensure the robustness of the transmission block with a small packet size such as in RRC and VoIP [3], [4]. In order to use TBS index #0, CQI index #2 should be retained in the new table. Accordingly, we have a slight preference for removing CQI index {#1, #3, #5}. 
Table II. Throughput Comparison Between Removing {#1, #3, #5} and Removing {#2, #4, #6}

	
	5% UE throughput
	Average UE throughput
	95% UE throughput

	Removing{#1,#3,#5}
	0.6716 
	5.9168
	15.1367

	Removing{#2,#4,#6}
	0.6620
	5.9071
	15.0850


Proposal 2: Remove CQI index {#1, #3, #5} to accommodate the new 256QAM entries

MCS table
The MCS sets in the current MCS table are expanded based on interpolation of spectral efficiency between 2 adjacent CQI points. Regarding the new 256QAM entries in the MCS table, it is reasonable to follow the principle of the expansion of the legacy MCS entries. Table III gives the new MCS entry generation procedure based on new CQI entries. Similarly, new MCS index #28 achieves the same spectral efficiency as legacy MCS index #28 and MCS indices #30~#34 exhibit the same coding rate as legacy MCS indices #24~#28. 
Table III. New MCS Table Expansion Based on New CQI Entries
	MCS index
	TBS
	Modulation
	Coding rate 
X1024
	Spectral efficiency
	Comment

	28(*)
	27
	8
	711
	5.5547
	New CQI 12

	29
	28
	8
	(711+772)/2
	(5.5547+6.0313)/2
	Average

	30
	29
	8
	772
	6.0313
	New CQI 13

	31
	30
	8
	(772+873)/2
	(6.0313+6.8203)/2
	Average

	32
	31
	8
	873
	6.8203
	New CQI 14

	33
	32
	8
	(873+948)/2
	(6.8203+7.4063)/2
	Average

	34
	33
	8
	948
	7.4063
	New CQI 15


Proposal 3: Generate new MCS entries based on the proposed CQI entries with the legacy expansion principle

Besides the 7 explicit MCS entries, the working assumption that reserves another implicit MCS entry for 256QAM should be confirmed since it is a simple way and follows the legacy design principle. 
Proposal 4: Confirm the working assumption regarding reserving one implicit MCS entry for 256QAM

Regarding removing legacy MCS entries, some MCS entries that have overlapping TBS indices, e.g. MCS indices #9 and #10, and MCS indices #16 and #17, could be considered. Overlapping TBS indices in legacy modulation and the TBS index table aims at supporting both frequency-flat and frequency-selective channels. Nevertheless, a wireless channel under small cell deployment is expected to be frequency-flat rather than frequency-selective. As a result, legacy entries of MCS index #10 and MCS index #17 could be removed by recalling that MCS indices #9 and #16 provide more robustness in a frequency-flat channel.
Proposal 5: Remove the MCS entries with overlapping TBS indices
TBS table
The current TBS sets for one layer are calculated according to the target code rate of the MCS table and the number of assigned PRBs as shown in the following equation. Up to 2% padding is allowed to align with the QPP size. 
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where M is the modulation level. Since some proposed MCS entries achieve the same coding rate as some legacy entries, the following is observed.
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Then 
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It means that for the new 256QAM TBS entries with an N PRB assumption, the TBS value of the legacy 64QAM entries can be reused to provide the same coding rate as 4/3*N_PRB assumption. The following is an example.
	I_TBS
	N_PRB

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352
	5992
	6456

	29
	
	
	2152
	
	
	4264
	
	
	6456
	
	
	


The TBS sets for multiple layers, TBS_Lm, are approximately equal to m times TBS_L1, where m = 2, 3, and 4. Similarly, the new TBS set generation for 256QAM with m layers could also follow the principle above.
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According to the new TBS set generation procedure, we observe that approximately 25% of the new TBS sets could be generated from direct reuse without any calculation to satisfy the target code rate and QPP size requirement. Then it can be interpreted that around 25% design effort is saved and new TBS sets introduction is limited.  
Proposal 6: Generate TBS sets for 256QAM based on the proposed CQI and MCS tables
For other entries of a single layer and m layers, the legacy principle of Rel. 8 and Rel. 10 could be employed to generate the detailed TBS sets. In addition, the available TBS sets for a single layer and m layers should be reused as much as possible when generating TBS sets for 256QAM. With increased spectral efficiency, some new single layer entries will be introduced. Accordingly, the TBS mapping relationship between a single layer to m layers need to be defined. The suggested mapping is seen in [2]. 
3. Conclusion
In this contribution, we discussed some remaining issues regarding the CQI/MCS table design and shared our views as follows
Proposal 1: Adopt code rates and spectral efficiencies in Table I for the new CQI entries

Proposal 2: Remove CQI index {#1, #3, #5} to accommodate the new 256QAM entries

Proposal 3: Generate new MCS entries based on the proposed CQI entries with the legacy expansion principle

Proposal 4: Confirm the working assumption regarding reserving one implicit MCS entry for 256QAM

Proposal 5: Remove the MCS entries with overlapping TBS indices
Proposal 6: Generate TBS sets for 256QAM based on the proposed CQI and MCS tables
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Annex
Table A-I. Link Level Simulation Parameters 
	Simulation parameters 
	 Value 

	Channel model 
	AWGN 

	Channel coding 
	Turbo 

	Turbo decoder 
	MAXLOGMAP 

	Number of RBs 
	50 

	Number of subframes 
	200


Table A-II. System Level Simulation Parameters 
	Deployment
	Macro + outdoor small cell, 3 small cells per Macro sector

	Carrier configuration
	Macro@ 2GHz, Small cell @3.5GHz

	System bandwidth
	10 MHz

	Cell association 
	RSRP for intra frequency, RSRQ for inter-frequency 

	UE distribution 
	2/3 UEs are randomly and uniformly dropped in the small cell, 1/3 UEs are randomly and uniformly dropped in the Macro coverage

	DL Tx. scheme 
	SU-MIMO with rank adaptation, up to rank 2

	UE speed
	3 km/hr

	Tx power (Ptotal)
	Macro:46dBm Small cell: 30 dBm

	Traffic model
	Full buffer

	Number of TX and RX 
	For macro/small cell: 2x2

	Antenna configuration
	CPA(0.5nmd)

	Antenna gain+

connector loss
	For macro: 17 dBi  For small cell: 5 dBi

	UE receiver
	MMSE

	Channel estimation
	Non-ideal DM-RS

	Control delay
	6 ms

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	Overhead
	PDCCH(2 symbols), DM-RS(12 REs/ RB), CRS(2 ports)

	Tx. / Rx EVM factor
	4%/2%
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