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1 Introduction

In RAN1 #88 bits meeting, the following agreements have been made on the support of 64QAM for unicast PDSCH to increase PDSCH spectral efficiency [1]: 

Agreement:

· Support for 64QAM for non-repeated unicast PDSCH in connected mode in CE Mode A is introduced.

· The feature is enabled/disabled by eNB via UE-specific signaling.

· Unless enabled, UE shall assume no use of 64QAM.

· The MCS field in DCI format 6-1A is [FFS: 4 or 5 bits] in UE-specific search space.

· The max TBS for each UE category and max PDSCH channel bandwidth support is the same as Rel-14.

· This implies that N_soft is also the same as Rel-14.

· FFS details of MCS, TBS and CQI tables for the support of 64QAM.
In this contribution, we provide our views on the issues left for further study, including the design of MCS table and its corresponding impact on MCS field in DCI, as well as the design of TBS and CQI tables for the support of 64QAM for unicast PDSCH.
2 Design details for the support of 64QAM for unicast PDSCH
MCS design
To begin with, we first share our views regarding the MCS table design for the support of 64QAM modulation. 
Recall that in Rel-13 eMTC and Rel-14 feMTC, the modulations supported for unicast PDSCH are QPSK and 16QAM: QPSK and 16QAM are used for unicast PDSCH in CE mode A, and QPSK is solely used for unicast PDSCH in CE mode B. In order to support 64QAM in efeMTC, the MCS table for Rel-13 eMTC and Rel-14 feMTC need to be modified. To include 64QAM, the existing MCS table can be kept the same size by replacing certain rows for 64QAM, or additional rows can be added to existing MCS table for 64QAM. To minimize the standardization efforts and spec changes, the latter option is preferred, by reusing the LTE legacy MCS table provided in table 7.1.7.1-1 of [2].  
Since the MCS table is extended, 1 bit in addition to existing 4 bits is needed for MCS indication in DCI when it is configured to support 64QAM. Note that frequency hopping (FH) is not supported for unicast PDSCH without repetitions. Since it has been agreed that 64QAM is supported for unicast PDSCH without repetitions in CE mode A, the 1-bit FH flag in DCI is not useful when 64QAM is configured. Thus, the 1-bit FH flag in addition to existing 4-bit MCS field can be jointly used for MCS indication when 64QAM is configured. With this approach, the size of the DCI format 6-1A can be maintained the same as in Rel-13 eMTC and Rel-14 feMTC.
Proposal 1

· Reuse LTE MCS table, i.e., Table 7.1.7.1-1 of [2], when 64-QAM is configured for unicast PDSCH.
Proposal 2

· When 64QAM is configured for unicast PDSCH, reinterpret the 1-bit frequency hopping flag jointly with 4-bit existing MCS field for MCS indication. 
TBS table design

In the previous meeting it was agreed to maintain the maximum TBS value the same as in Rel-14 feMTC. Therefore, the PDSCH TBS table for BL/CE UEs configured with max 1.4 MHz PDSCH bandwidth and 64QAM can be based on legacy LTE TBS table, i.e. Table 7.1.7.2.1-1 in [2], with NPRB ≤ 6, ITBS ≤ 26 and TBS value not larger than 1000 bits. Furthermore, the PDSCH TBS table for BL/CE UEs configured with max 5 MHz PDSCH bandwidth and 64QAM can be based on legacy LTE TBS table with NPRB ≤ 24, ITBS ≤ 26 and TBS value not larger than 4008 bits. The first TBS which exceeds the max TBS for each NPRB can be replaced by the max TBS. Table 1 provides the TBS table for BL/CE UEs configured with max 1.4MHz PDSCH bandwidth and 64QAM. The TBS table for BL/CE UEs configured with max 5MHz PDSCH bandwidth and 64QAM can be designed in a similar way. 
Table 1. PDSCH TBS table for BL/CE UEs configured with max 1.4 MHz PDSCH bandwidth and 64QAM. 
	
[image: image1.wmf]TBS

I


	
[image: image2.wmf]PRB

N



	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032 1000

	11
	176
	376
	584
	776
	1000
	

	12
	208
	440
	680
	904
	
	

	13
	224
	488
	744
	1000
	
	

	14
	256
	552
	840
	
	
	

	15
	280
	600
	904
	
	
	

	16
	328
	632
	968
	
	
	

	17
	336
	696
	1064 1000
	
	
	

	18
	376
	776
	
	
	
	

	19
	408
	840
	
	
	
	

	20
	440
	904
	
	
	
	

	21
	488
	1000
	
	
	
	

	22
	520
	
	
	
	
	

	23
	552
	
	
	
	
	

	24
	584
	
	
	
	
	

	25
	616
	
	
	
	
	

	26
	712
	
	
	
	
	


Proposal 3

· For UEs configured with max 1.4MHz PDSCH bandwidth and 64QAM, the LTE TBS table, i.e., Table 7.1.7.2.1-1 of [2], is used by limiting NPRB ≤ 6, ITBS ≤ 26 and TBS value not larger than 1000 bits.
· The first TBS exceeding the 1000 bits for each NPRB ≤ 6 is replaced by 1000 bits.
· For UEs configured with max 5MHz PDSCH bandwidth and 64QAM, the LTE TBS table, i.e., Table 7.1.7.2.1-1 of [2], is used by limiting NPRB ≤ 24, ITBS ≤ 26 and TBS value not larger than 4008 bits.
· The first TBS exceeding the 4008 bits for each NPRB ≤ 24 is replaced by 4008 bits.
CQI table design
The CQI table provided by Table 7.2.3-3 in [2] is the CQI table for Rel-13 eMTC, and it does not support the feedback from UEs for higher code rate. To extend the CQI table for the support of 64QAM, the reserved entries can be used. A part of the entries for 64QAM in LTE CQI table, i.e. Table 7.2.3.1-1 in [2], can be adopted to replace the reserved entries, as presented in Table 2. Alternatively, legacy LTE CQI table can be reused directly, as provided in Table 3. Given that it has been agree to support 64QAM only for non-repeated PDSCH, the coverage is expected to be good, e.g. comparable to LTE coverage. Also, RCSI would be 1 when there is no repetition for PDSCH, and thus there is no need to incorporate RCSI in the CQI table. Therefore, among the two options for CQI table design, it is easier to directly reuse LTE CQI table.
Table 2. CQI table for increased PDSCH spectral efficiency, which is modified based on eMTC CQI table.
	CQI index
	modulation
	code rate x 1024 x 
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	efficiency x 
[image: image4.wmf]CSI

R



	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.1152


Table 3. LTE 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


Proposal 4
· Reuse LTE CQI table, i.e., Table 7.2.3.1-1 in [2], when 64QAM is configured for unicast PDSCH.
3 Conclusions

In this contribution, we provided our views on regarding the design details to support 64-QAM for unicast PDSCH for Rel-15 efeMTC. Based on the discussions enclosed in this document, we summarize our views through the following proposals:
Proposal 1

· Reuse LTE MCS table, i.e., Table 7.1.7.1-1 of [2], when 64-QAM is configured for unicast PDSCH.
Proposal 2

· When 64QAM is configured for unicast PDSCH, reinterpret the 1-bit frequency hopping flag jointly with 4-bit existing MCS field for MCS indication. 
Proposal 3

· For UEs configured with max 1.4MHz PDSCH bandwidth and 64QAM, the LTE TBS table, i.e., Table 7.1.7.2.1-1 of [2], is used by limiting NPRB ≤ 6, ITBS ≤ 26 and TBS value not larger than 1000 bits.
· The first TBS exceeding the 1000 bits for each NPRB ≤ 6 is replaced by 1000 bits.
· For UEs configured with max 5MHz PDSCH bandwidth and 64QAM, the LTE TBS table, i.e., Table 7.1.7.2.1-1 of [2], is used by limiting NPRB ≤ 24, ITBS ≤ 26 and TBS value not larger than 4008 bits.
· The first TBS exceeding the 4008 bits for each NPRB ≤ 24 is replaced by 4008 bits.
Proposal 4

· Reuse LTE CQI table, i.e., Table 7.2.3.1-1 in [2], when 64QAM is configured for unicast PDSCH.
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