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1. Introduction
It was agreed that PDSCH is rate matched around the PRB pairs on which the corresponding DL assignment is detected [1]. As a result, it may happen that PDSCH is not mapped to a set of PRB pairs which are included in the resource assignment. In other words, there exists a discrepancy between the number of PRB pairs that are “allocated to PDSCH” (denoted by NPRB_alloc) and the number of PRB pairs that are used for the actual PDSCH mapping (denoted by NPRB_map). This contribution discusses the issue caused by this discrepancy and the solution to resolve the caused issue.
2. TBS determination
The current 36.213 determines the TB size of each PDSCH from the “modulation and coding scheme” field (IMCS) and the total number of allocated PRBs (NPRB) as follows:

================================ Text from 36.213 ==============================
7.1.7

Modulation order and transport block size determination 

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall first

· read the 5-bit “modulation and coding scheme” field (
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) in the DCI

and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

· for DCI format 1A:

· set the Table 7.1.7.2.1-1 column indicator
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from Section 5.3.3.1.3 in [4] 

· for DCI format 1C:

· use Table 7.1.7.2.3-1 for determining its transport block size.

else 

· set 
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 to the total number of allocated PRBs based on the procedure defined in Section 7.1.6.

if the transport block is transmitted in DwPTS of the special subframe in frame structure type 2,  then 
set the Table 7.1.7.2.1-1 column indicator 
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else, set the Table 7.1.7.2.1-1 column indicator 
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It seems the natural interpretation of the above text that the number of allocated PRBs means the number of PRBs indicated by the resource assignment field in the corresponding DCI because the related sentence refers to the section which explains the interpretation of the resource assignment field. With this understanding, NPRB is equal to NPRB_alloc. If the UE detects the corresponding DL assignment on NPRB_EPDCCH PRB pairs within the allocated PRB pairs, then only NPRB_map(=NPRB_alloc-NPRB_EPDCCH) PRB pairs are used for the PDSCH transmissions. As eNB and UE have the same understanding on the number of allocated PRB pairs and the number of PDSCH-mapping PRB pairs, it is desirable to use the TBS table corresponding to NPRB_map which is optimized for the number of PRB pairs that are actually used for the PDSCH transmissions; otherwise, the eNB and UE should use a TBS table which may not be relevant to the actual PDSCH mapping.
Table 1 shows the effective coding rate of each TBS when NPRB_alloc=25 is used for the TBS determination with various NPRB_map. Three-symbol PDCCH and two-port CRS are assumed in this table. It can be easily observed that the effective coding rate increases as NPRB_map decreases (i.e., more EPDCCH PRB pairs are detected). The red-marked grids correspond to the cases where the effective coding rate exceeds 0.930 and the UE skips decoding the TB.
Table 1. Effective coding rate when NPRB_alloc=25.
	IMCS
	Qm
	TB size
	NPRB_map

	
	
	
	25
	23
	21
	17
	9

	0
	2
	680
	0.113
	0.123
	0.135
	0.167
	0.315

	1
	2
	904
	0.151
	0.164
	0.179
	0.222
	0.419

	2
	2
	1096
	0.183
	0.199
	0.217
	0.269
	0.507

	3
	2
	1416
	0.236
	0.257
	0.281
	0.347
	0.656

	4
	2
	1800
	0.300
	0.326
	0.357
	0.441
	0.833

	5
	2
	2216
	0.369
	0.401
	0.440
	0.543
	1.026

	6
	2
	2600
	0.433
	0.471
	0.516
	0.637
	1.204

	7
	2
	3112
	0.519
	0.564
	0.617
	0.763
	1.441

	8
	2
	3496
	0.583
	0.633
	0.694
	0.857
	1.619

	9
	2
	4008
	0.668
	0.726
	0.795
	0.982
	1.856

	10
	4
	4008
	0.334
	0.363
	0.398
	0.491
	0.928

	11
	4
	4392
	0.366
	0.398
	0.436
	0.538
	1.017

	12
	4
	4968
	0.414
	0.450
	0.493
	0.609
	1.150

	13
	4
	5736
	0.478
	0.520
	0.569
	0.703
	1.328

	14
	4
	6456
	0.538
	0.585
	0.640
	0.791
	1.494

	15
	4
	7224
	0.602
	0.654
	0.717
	0.885
	1.672

	16
	4
	7736
	0.645
	0.701
	0.767
	0.948
	1.791

	17
	6
	7736
	0.430
	0.467
	0.512
	0.632
	1.194

	18
	6
	7992
	0.444
	0.483
	0.529
	0.653
	1.233

	19
	6
	9144
	0.508
	0.552
	0.605
	0.747
	1.411

	20
	6
	9912
	0.551
	0.599
	0.656
	0.810
	1.530

	21
	6
	10680
	0.593
	0.645
	0.706
	0.873
	1.648

	22
	6
	11448
	0.636
	0.691
	0.757
	0.935
	1.767

	23
	6
	12576
	0.699
	0.759
	0.832
	1.027
	1.941

	24
	6
	13536
	0.752
	0.817
	0.895
	1.106
	2.089

	25
	6
	14112
	0.784
	0.852
	0.933
	1.153
	2.178

	26
	6
	15264
	0.848
	0.922
	1.010
	1.247
	2.356

	27
	6
	15840
	0.880
	0.957
	1.048
	1.294
	2.444

	28
	6
	18336
	1.019
	1.107
	1.213
	1.498
	2.830


The phenomenon observed in Table 1 impairs the link adaptation. First, some MCS states cannot be used due to the skip decoding operation. Second, due to the increased effective coding rate, the quantization granularity in the operating SNR range becomes coarse. Table 2 compares the SNR which achieves the 10% BLER of the TBS using NPRB_alloc and NPRB_map when 25 PRBs are allocated but 8 of them are used for the EPDCCH transmission (i.e., NPRB_map=17). From this table, we can observe that using the TBS corresponding to NPRB_map enables a wider SNR operation range with a finer link adaptation granularity.
Table 2. SNR for 10% BLER for TBS using NPRB_alloc and TBS using NPRB_map
	ITBS
	Qm
	TBS using NPRB_alloc
	TBS using NPRB_map

	
	
	SNR for 10% BLER
	SNR increment
	SNR for 10% BLER
	SNR increment

	0
	2
	-9.7
	-
	-11.3
	-

	1
	2
	-8.6
	1.1
	-10.2
	1.1

	2
	2
	-7.7
	0.9
	-9.3
	0.9

	3
	2
	-6.6
	1.1
	-8.2
	1.1

	4
	2
	-5.3
	1.3
	-7.4
	0.8

	5
	2
	-4.0
	1.3
	-6.4
	1

	6
	2
	-2.9
	1.1
	-5.5
	0.9

	7
	2
	-1.4
	1.5
	-4.4
	1.1

	8
	2
	-0.1
	1.3
	-3.6
	0.8

	9
	4
	0.6
	0.7
	-2.2
	1.4

	10
	4
	1.3
	0.7
	-1.5
	0.7

	11
	4
	2.4
	1.1
	-0.4
	1.1

	12
	4
	3.8
	1.4
	0.4
	0.8

	13
	4
	5.4
	1.6
	1.3
	0.9

	14
	4
	7.0
	1.6
	2.4
	1.1

	15
	6
	7.9
	0.9
	3.6
	1.2

	16
	6
	8.3
	0.4
	4.3
	0.7

	17
	6
	9.9
	1.6
	5.5
	1.2

	18
	6
	11.1
	1.2
	6.3
	0.8

	19
	6
	12.3
	1.2
	7.1
	0.8

	20
	6
	NA
	-
	8.3
	1.2

	21
	6
	NA
	-
	9
	0.7

	22
	6
	NA
	-
	9.9
	0.9

	23
	6
	NA
	-
	11.1
	1.2

	24
	6
	NA
	-
	11.6
	0.5

	25
	6
	NA
	-
	12.3
	0.7

	26
	6
	NA
	-
	NA
	-

	Average increment
	1.16
	0.94


Even when the UE determines TBS based on NPRB_map, the number of PRB pairs on which PDSCH is actually mapped, this TBS determination should not be assumed in the CQI calculation; otherwise, the UE may assume a low CQI in a subband in which EPDCCH transmission is expected. In order to prevent the UE from doing this misbehavior, it is needed to clarify that no EPDCCH transmission is assumed in the reference resource in the CSI reporting procedure.
3. Conclusion
This contribution discusses the TBS determination issue caused by the discrepancy between the number of PRB pairs that are allocated to PDSCH and the number of PRB pairs that are used for the actual PDSCH mapping. It was observed that it is better for the link adaptation to count the PRB pairs that are used for the actual PDSCH mapping in determining the TBS but this behavior should not be assumed in the CSI report. The proposals are summarized as follows:
Proposal 1: NPRB in the TBS table should be NPRB_map, the number of PRB pairs on which the PDSCH is mapped.

Proposal 2: UE shall assume that no EPDCCH is present in the reference resource in calculating CSI.
______________________________________________________________________
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Appendix. Simulation assumptions for Table 2

	Parameter
	Value

	System RB(NPRB_alloc)
	25 RB

	EPDCCH RB(NPRB_EPDCCH)
	8 RB

	PDSCH RB(NPRB_map)
	17 RB

	Carrier frequency
	2GHz

	Channel
	AWGN

	Antenna configuration
	2x2

	MIMO scheme
	Fixed BF as (1,1)

	PDCCH symbol
	3 symbol

	Channel estimation
	Ideal estimation

	HARQ process
	Off
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