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1 Introduction

In RAN1#77, the following agreements were achieved for 256QAM MCS/CQI/TBS table
Agreements:
· CQI table
· Confirm the working assumption: 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} 

· MCS table

· Confirm the working assumption: 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}

· TBS table
· Same design principle is applied for TBS table used up to Rel-10
In this contribution, the remaining issues of MCS/CQI/TBS table for 256QAM are discussed.
2 Remaining issues on 256QAM tables
2.1 Remaining details of CQI table 


In RAN1#77 meeting , the following CQI table was agreed as a working assumption for Rel-12 256QAM support. 

Table 1 CQI table (working assumption)
	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 


One remaining concern on the above CQI table is that CQI index 12, which is the switching point from 64QAM to 256QAM, should be carefully designed such that the corresponding MCS provides proper SNR operating points between CQI indices 11 and 13 under various channel conditions. Addressing such concern on CQI index 12,  we provide link-level evaluation results in Figure 1 that shows BLER performance for the relevant CQI indices under AWGN and EPA channel environments. Detailed evaluation assumptions are aligned with those in [1] and [2] for AWGN and EPA channel, respectively.
Based on the results in Figure 1, it is observed that CQI index 12 provides the middle SNR operating points between CQI indices 11 and 13 for every BLER target under both AWGN and EPA channels. Therefore, our proposal is to confirm working assumption on CQI table in Table 1 as RAN1 agreement.

Proposal 1: Confirm CQI table in Table 1 as RAN1 agreement.
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Figure 1 BLER performance of the CQI index 12 (SE 5.5547) and other adjacent CQI indexes.
2.2 Remaining details of MCS table 
In RAN1#77 meeting, it was agreed that at least existing MCS entries {#1, #3, #5, #7, #9, #10, #17, #28} are removed. In addition, it was agreed as working assumption that MCS table is that not to additionally remove any other MCS entry or entries and the positions of MCS indices are ordered based on spectral efficiency. In order to finalize the issue on MCS table for 256QAM, it should be confirmed in RAN1#78 whether the the agreed MCS values are indexed in the order of the corresponding spectral efficiency or not. That is, the remaining issue is to adopt either of:

· Alt. 1: The positions of MCS indices are ordered based on spectral efficiency

· Alt. 2: A common set of MCS indices are maintained between the legacy MCS table and the new MCS table

The argument supporting Alt 2 is that it could provide the MCS table transition without any ambiguity during the RRC reconfiguration period. However, even with Alt. 1, such MCS table transition can also be handled on the eNB side by means of proper MCS selection for PDSCH transmissions during reconfiguration period. Moreover, Alt. 1 follows the original principle for the table organization; hence we propose to adopt Alt 1 for MCS indexing. 
Proposal 2: The MCS indices in the MCS table for 256QAM should be ordered according to spectral efficiencies.
2.3 Remaining details of TBS table 


In RAN1#77 meeting, the 256QAM TBS entries for one layer transmission were agreed and the corresponding TBS table is given in [3]. In addition, the 256QAM TBS entries for two/three/four layer each of which is derived by the mapping from one layer TBS are agreed as a working assumption. 

Table 3 TBS table for one layer to two/three/four layer translation (working assumption)
	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	76208
	152976
	230104
	305976

	78704
	157432
	236160
	314888

	81176
	161760
	245648
	324336

	84760
	169544
	254328
	339112

	87936
	175600
	266440
	351224

	90816
	181656
	275376
	363336

	93800
	187712
	284608
	375448

	97896
	FFS
	FFS
	FFS


As shown in Table 3, in order to finalize the design of 256QAM TBS table, the above FFS values (TBS_L2_max, TBS_L3_max, TBS_L4_max) which correspond to the highest spectral efficiencies in case of two, three, four layers, respectively, have to be decided. During the discussion in RAN1#77, the following two options were proposed [4]:
· Option 1: the values of TBS_L2_max, TBS_L3_max and TBS_L4_max are all newly defined, which are the largest value that is not larger than 2, 3, and 4 times of TBS_L1_max and satisfies the Rel-8 principle of QPP size alignment.
	TBS_L2
	TBS_L3
	TBS_L4

	193768
	290664
	387560


· Option 2: the values of TBS_L2_max and TBS_L3_max are selected from the TBS tables in Rel-10, by the principle of finding the nearest values to 2 or 3 times of TBS_L1_max, respectively. And the value of TBS_L4_max is a newly defined value, which is nearest to 4 times of TBS_L1_max and satisfies the Rel-8 principle of QPP size alignment.
	TBS_L2
	TBS_L3
	TBS_L4

	195816
	293736
	391656



In the design principle of the current TBS table specified in 36.213, the TBS size of the last TBS index is selected to the nearest value which does not exceed code rate 0.93 and satisfies the Rel-8 principle of QPP size alignment under the assumption that 136 REs per PRB are used. Note that the code rate 0.93 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 0.93. TBS entries in Option 2 are derived based on the design principle mentioned above. Therefore, when the number of REs less than 136 is used for PDSCH transmission such as TM9/10, the largest TBS size is not applicable due to the code rate exceeded over 0.93 so that maximum spectral efficiency cannot be achieved.

On the other hand, the TBS size in Option 1 is designed for considering TM9/10. TM9/10 is based on DMRS-based transmissions. For example, assuming one OFDM symbol for control and two CRS antenna ports, 120 REs per PRB is used in non-MBSFN subframes. Hence, to satisfy code rate threshold 0.93, TBS sizes in Option 1 are set to smaller values than that of Option 2. Therefore, Option 1 can achieve higher spectral efficiency than Option 2 when TM9/10 mode is used.
Observations:

· The TBS size in Option 1 is designed for considering TM9/10. However, its spectral efficiency can be decreased than Option 2 if actual available REs for PDSCH transmission is larger than the RE assumption for Option 1.

· The TBS size in Option 2 is based on the original design principle up to Rel-10. The maximum TBS index would not be used if actual available REs for PDSCH transmission is less than the RE assumption for Option 2.
3 Conclusions

In this contribution, we discussed the remaining issues of MCS/CQI/TBS table for 256QAM. Our proposals and observation are summarized below.
Proposal 1: Confirm CQI table in Table 1 as RAN1 agreement.
Proposal 2: The MCS indices in the MCS table for 256QAM should be ordered according to spectral efficiencies.
Observations:

· The TBS size in Option 1 is designed for considering TM9/10. However, its spectral efficiency can be decreased than Option 2 if actual available REs for PDSCH transmission is larger than the RE assumption for Option 1.

· The TBS size in Option 2 is based on the original design principle up to Rel-10. The maximum TBS index would not be used if actual available REs for PDSCH transmission is less than the RE assumption for Option 2.
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