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1 Introduction

In the RAN1#51b meeting, RAN1 made good progress on the PDSCH/PUSCH transport format signaling on the PDCCH and agreed on several aspects in [1]. Moreover, in the RAN1#52 meeting, RAN1 decided that three entries of the PDCCH transport format field are reserved for indicating the modulation (on downlink) or the redundancy version (on uplink) [2]. However, still the details of the transport format signaling need to be defined. Therefore, this contribution discusses some desired properties and provides a proposal for signaling the transport format by means of Transport Block Sizes indices (TBSi) based on a Transport Block Size superset approach similar to HSDPA and additional partitioning.

2 Desired properties of the transport format signaling 

2.1 Design criteria

In the following some basic design criteria for the transport format signaling are given – as partly already listed in the agreements in [1].

TBS granularity and MAC padding

In contrast to the first releases of HSDPA, in LTE the sizes of the RLC PDUs are of variable size. This means that padding on MAC level can be avoided in many cases, since the RLC PDU sizes can be aligned such that the MAC PDU almost exactly matches the TBS. However, in the following cases an alignment of the RLC PDU sizes by segmentation is not possible or not desirable:

· Real-time services, e.g. VoIP, where the RLC PDUs have certain fixed sizes and segmentation or concatenation is not desirable.

· End of packet calls, when the remaining bits of a packet call need to be transmitted.

· Small data sizes, e.g. TCP ACKs.
Real-time services typically operate with relatively small TBSs and, further, the padding at the end of packet calls does not cause extensive overhead since this effect occurs relatively infrequently. Therefore, we think that an average padding overhead of 2-4% for small TBSs and 5-6% for large TBSs is acceptable. It should be noted, that average padding overhead is defined as the average overhead for an arbitrary-sized (byte‑aligned) MAC PDU.
Efficient support for TBS signaling in retransmissions

As raised in the RV/NDI discussion, it is beneficial to provide the possibility to signal the TBS in retransmissions, e.g. due to a missed PDCCH along with the first transmission. For an efficient support of this feature, it is desired in a large number of cases to signal the TBS in retransmissions when the RB allocation size has changed compared to the previous/initial transmission. 

Alignment with QPP interleaver sizes

In order to avoid the insertion of filler bits an alignment of the TBSs to the QPP interleaver sizes is desired. 

Covering TBSs resulting from CQI feedback

In order to perform CQI testing, the defined MCS/TBS table should contain the TBSs being reported by the CQI feedback table. By this, the CQI testing can be performed based on BLER measurements measuring the BER fdsfsif the eNodeB exactly follows the CQI recommendation from the UE, which is a requirement from RAN4 [4]. According to the current status of the RAN1 CQI discussion for the non‑MIMO operation [3], the CQI values reported are assuming allocations of 2, 3, 4, 6 and 8 RBs for the frequency selective CQI feedback. For the wideband CQI feedback the system bandwidths defined by RAN4 needs to be tested.  In addition, depending on the definition of the set S, more RB allocation sizes may be required to be tested.

It should be noted that alternatively, the CQI testing could be performed by aligning the TBS superset only to the CQI reference reporting size of 4 PRBs. Larger allocations are then tested based on allocating 4 non-contiguous PRBs within the defined test allocation size. 

Support for important MAC PDU sizes

Important MAC PDU sizes, e.g. for VoIP, typical IP packet sizes or MAC/RLC control signaling, should be supported with zero or small padding overhead.

Total number of TBSs

In order to simplify the testing and the UE complexity, the total number of distinct TBSs should be limited.

Variation in MCS level ranges

For a given number of available REs per RB, the range of MCS levels, i.e. minimum and maximum spectral efficiency, for all RB allocations should be similar. 

Relation between UL and DL

For simplicity reasons the general methodology of the signaling schemes for UL and DL should be similar. However, depending on differences on important MAC PDU sizes and available values in the PDCCH transport format field the actually supported TBSs for UL and DL may be slightly different.

2.2 Other properties

Relation to UE categories

The soft-buffer limits, which are defined for the UE categories should be determined to match the resulting TBSs from the transport format signaling. Therefore, the final soft-buffer sizes for the UE categories should be adjusted the after the TBS table is fixed.

MIMO

In case of mapping a single TB across two MIMO layers (4 ( 4 MIMO), the resulting transport block size should be scaled by roughly a factor of two. Also, a zero TBS entry for the transport format signaling for PDCCH formats supporting transmissions of two codewords should be supported in order to efficiently support switching from rank 2 to rank 1. 
Definition of the TBS superset
In HSDPA, the entries of the TBS superset are defined by an exponential equation, which generates equally spaced TBSs in log-domain. This produces a constant relative padding overhead for all TBSs [5]. On the other hand, the TBS superset should not be specified by an equation because in this case we are concerned that different computation platforms may generate in different TBS values [6].  Therefore, we propose that the TBS superset is stored as the table in the eNodeB and in the UE. This also allows for fine‑tuning of the TBS superset, e.g. for important MAC PDU sizes.

3 Proposal

In our view, the desired properties in the previous section are best addressed by signaling a TBS index instead of signaling MCS levels. Therefore, we propose the following (similar to HSDPA):

· Definition of a TBS superset containing all possible TBS values for the maximum system bandwidth (110 RBs). For smaller system bandwidths, subsets of the superset are applicable

· For a given RB allocation size, selected TBSs values (TBS superset indices) of the TBS superset are available for signaling on the PDCCH

· The PDCCH contains a TBS index indicator, which is associated with a certain target MCS level (Table 1). The index indicator addresses the index of the TBS superset and, therefore, the TBS value.

Table 1. Target MCS levels
	MCS level
	Modulation scheme
	Code rate x 1024
	Spectral efficiency
	Comment

	0
	QPSK
	120
	0.2344
	CQI MCS

	1
	QPSK
	157
	0.3057
	Interpolated

	2
	QPSK
	193
	0.377
	CQI MCS

	3
	QPSK
	251
	0.4893
	Interpolated

	4
	QPSK
	308
	0.6016
	CQI MCS

	5
	QPSK
	379
	0.7393
	Interpolated

	6
	QPSK
	449
	0.877
	CQI MCS

	7
	QPSK
	526
	1.0264
	Interpolated

	8
	QPSK
	602
	1.1758
	CQI MCS

	9
	QPSK
	679
	1.3262
	Interpolated

	10
	16-QAM
	340
	1.3262
	Alternative MCS

	11
	16-QAM
	378
	1.4766
	CQI MCS

	12
	16-QAM
	434
	1.69535
	Interpolated

	13
	16-QAM
	490
	1.9141
	CQI MCS

	14
	16-QAM
	553
	2.1602
	Interpolated

	15
	16-QAM
	616
	2.4063
	CQI MCS

	16
	16-QAM
	658
	2.5684
	Interpolated

	17
	64-QAM
	438
	2.5684
	Alternative MCS

	18
	64-QAM
	466
	2.7305
	CQI MCS

	19
	64-QAM
	517
	3.0264
	Interpolated

	20
	64-QAM
	567
	3.3223
	CQI MCS

	21
	64-QAM
	616
	3.6123
	Interpolated

	22
	64-QAM
	666
	3.9023
	CQI MCS

	23
	64-QAM
	719
	4.21285
	Interpolated

	24
	64-QAM
	772
	4.5234
	CQI MCS

	25
	64-QAM
	822
	4.8193
	Interpolated

	26
	64-QAM
	873
	5.1152
	CQI MCS

	27
	64-QAM
	910
	5.33495
	Interpolated

	28
	64-QAM
	948
	5.5547
	CQI MCS


3.1 Generation and properties of the TBS superset

We propose the following methodology:

1. Generation of a TBS superset with equally spaced (in log-domain) TBS entries assuming 120 REs/RB based on the desired lowest and largest MCS levels
=> minimum TBS is defined by the minimum RB allocation size (1 RB) and the lowest CQI MCS level
=> maximum TBS is defined by the maximum RB allocation size (110 RBs) and the largest CQI MCS level
=> the final size of the TBS superset depends on the actually defined indexing scheme for selecting the TBSs for signaling on the PDCCH

2. The TBS superset values are aligned to the QPP interleaver sizes.

3. The TBS superset values are aligned to the resulting TBSs from the CQI MCS levels 2-15 according to Table 1. 

3.2 Indexing of TBS superset values

The elements of the TBS superset are addressed by an TBS superset index n, which is defined as follows:


n = n0 (numRB)  + k (iPDCCH) 

with
numRB

denoting  the RB allocation size
n0 (numRB) 
denoting an RB allocation size specific offset
k (iPDCCH)  
denoting a relative TBS superset index increment as a function of the TBS index 
                             indicator on the PDCCH (0, …, 28)
Indexing in case of large RB allocation sizes

In case the RB allocation size is above a certain threshold RBTH, the vector k is identical for all RB allocation sizes numRB. This allows to define the TBSs for the RB allocations sizes in a compact and structured way.

Indexing in case of small RB allocation sizes

For small TBSs typical MAC PDUs, e.g. for VoIP, are inserted in the TBS superset. Therefore, for small RB allocation sizes <= RBTH using the same vector k for all RB is not reasonable.
3.3 Table design 

This section shows a TBS superset and the related indexing scheme as a starting point, which has very similar properties as the TBS signaling scheme defined in [7]. The assumptions are provided in Table 2. The threshold RBTH  for splitting the table into small RB allocation sizes and large RB allocation sizes is at 11RBs, since this provides a good alignment with the CQI levels for the larger RB allocation sizes (for RB allocations larger than 11 RBs the STD of the CQI MCS error is 1.75 %). Figure 1 shows the resulting TBS superset and the mapping of the TBSs to the RB allocation sizes. As shown in Figures 3 to5, the target MCS levels are well matched. As shown in Figure 5, compared to the design in [7] the number of occurrences of the TBSs defined in the superset is increased, since the TBS superset size is less (150 vs. 235). This causes a somewhat larger MAC padding overhead, which seems acceptable (Figure 6). It should be noted, that similar properties (occurrences, padding, etc.) compared to the design in [7] are obtained when designing for the same target TBS superset size.

The tables for the TBS superset, the RB allocation size specific offset n0 (numRB) and the relative TBS superset index increment k (iPDCCH) are provided in the Annex.

Table 2. TBS superset and indexing assumptions
	Parameter
	Assumption/Value

	System bandwidth
	20 MHz (100 RBs)

	PDCCH transport format values
	29 (5 bits with 3 entries reserved for modulation schemes) 

2 MCS levels used for supporting the same spectral efficiency with different MCS levels at the QPSK/16‑QAM and 16‑QAM /64‑QAM boundaries)

	REs per RB
	120 (3 OFDM symbols for control, 2 TX antennas, normal CP)

	Target minimum MCS level
	QPSK rate 0.1172

	Target maximum MCS level
	64-QAM rate 0.9258

	Target TBS granularity
	Superset TBSs equally spaced in log-domain (as in HSDPA)

	QPP alignment
	Considered

	CQI alignment
	Considered 

	Important MAC PDU alignment
	Considered (same as in [7] for TBS <= 320 bit)

	Indexing scheme
	RB allocation sizes <= 11 RBs:

k vector depends on RB allocation size 

RB allocation sizes > 11 RBs:

Same k vector for all RB allocation sizes
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Figure 1 – TBS superset and mapping to RB allocation sizes
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Figure 2 – Match of PDCCH QPSK MCS levels with CQI MCS levels
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Figure 3 – Match of PDCCH 16-QAM MCS levels with CQI MCS levels
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Figure 4 – Match of PDCCH 64-QAM MCS levels with CQI MCS levels
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Figure 5 – Occurrences of TBSs
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Figure 6 – Average MAC padding overhead 

4 Conclusion

In this contribution we discuss the transport format signaling on the PDCCH. We propose the following:

· Keep the decision to have 5 bits of transport format signaling on the PDCCH

· Signaling of the transport format by means of a Transport Block Size indicator

· Definition of a TBS superset containing all possible TBS values for the maximum system bandwidth (110 RBs). For smaller system bandwidths, subsets of the superset are applicable

· For a given RB allocation size, selected TBSs values (TBS superset indices) of the TBS superset are available for signaling on the PDCCH

· Adopt the TBS signaling scheme proposed in section 3. 
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Figure A1 – TBS superset indices (offsets n0 (numRB) and relative k (iPDCCH)) with individual k (iPDCCH) left of blue vertical line and common  k (iPDCCH) right of blue vertical line

Table A1 – TBS superset
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Table A2 – n0(numRB) RB allocation size specific offset
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Table A3 – k (iPDCCH) relative TBS superset index increment
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		13		26		38		51		63		62		88		70

		14		27		39		51		64		63		89		71

		15		29		40		52		65		63		90		71

		16		31		41		53		66		64		91		71

		17		32		42		53		67		64		92		71

		18		33		43		54		68		64		93		71

		19		35		44		54		69		65		94		72

		20		36		45		55		70		65		95		72

		21		37		46		55		71		65		96		72

		22		38		47		56		72		66		97		72

		23		39		48		56		73		66		98		73

		24		40		49		57		74		66		99		73

		25		41		50		57		75		66		100		73
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		numRB		1		2		3		4		5		6		7		8		9		10		11		> 11

		MCS level

		0		0		0		0		0		0		0		0		0		0		0		0		0

		1		1		1		1		2		3		3		4		6		8		8		7		6

		2		2		2		3		4		6		6		10		11		13		13		12		11

		3		3		4		6		7		12		14		16		18		20		19		18		17

		4		4		6		8		12		17		19		21		23		24		24		23		22

		5		5		8		11		18		22		24		26		27		29		28		28		27

		6		6		10		17		22		26		27		30		31		33		32		32		31

		7		7		12		21		26		30		31		34		35		37		36		35		34

		8		8		15		24		29		33		34		37		38		40		39		38		37

		9		10		19		27		32		36		37		40		41		42		42		41		40

		10		10		19		27		32		36		37		40		41		42		42		41		40

		11		11		22		30		34		38		40		42		43		45		44		44		43

		12		12		25		33		37		42		43		45		46		48		48		47		46

		13		14		28		35		40		44		46		48		49		51		50		50		49

		14		16		31		38		43		47		48		51		52		54		53		52		52

		15		19		34		41		46		50		51		54		55		56		56		55		54

		16		21		35		42		47		51		52		55		56		58		57		56		56

		17		21		35		42		47		51		52		55		56		58		57		56		56

		18		23		36		44		48		53		54		56		57		59		59		58		57

		19		25		39		46		51		55		56		59		60		62		61		60		59

		20		28		41		48		53		57		58		61		62		64		63		63		62

		21		30		43		50		55		59		60		63		64		66		65		65		64

		22		32		45		52		57		61		62		65		66		68		67		66		65

		23		33		47		54		59		63		64		67		68		69		69		68		67

		24		35		48		55		60		64		65		68		69		71		70		70		69

		25		37		50		57		62		66		67		70		71		72		72		71		70

		26		38		51		58		63		67		69		71		72		74		73		73		72

		27		39		52		59		64		68		69		72		73		75		74		74		73

		28		40		53		60		65		69		70		73		74		76		75		75		74





Sheet2

		





Sheet3

		






_1268581836.xls
Sheet1

		TBS index		TBS		TBS index		TBS		TBS index		TBS		TBS index		TBS		TBS index		TBS

		0		24		30		440		60		1600		90		5824		120		21056

		1		40		31		456		61		1664		91		6080		121		22016

		2		48		32		480		62		1728		92		6336		122		22976

		3		56		33		504		63		1824		93		6592		123		24000

		4		80		34		512		64		1888		94		6912		124		25024

		5		88		35		544		65		1984		95		7168		125		26112

		6		104		36		560		66		2048		96		7488		126		27264

		7		120		37		592		67		2176		97		7808		127		28480

		8		136		38		624		68		2240		98		8192		128		29696

		9		152		39		640		69		2368		99		8512		129		31040

		10		160		40		688		70		2432		100		8896		130		32384

		11		176		41		704		71		2560		101		9280		131		33792

		12		200		42		736		72		2688		102		9728		132		35328

		13		208		43		768		73		2816		103		10176		133		36864

		14		232		44		800		74		2944		104		10624		134		38464

		15		248		45		832		75		3072		105		11072		135		40192

		16		264		46		864		76		3200		106		11520		136		41920

		17		272		47		912		77		3328		107		12032		137		43776

		18		280		48		944		78		3456		108		12608		138		45696

		19		288		49		992		79		3584		109		13120		139		47680

		20		296		50		1024		80		3776		110		13696		140		49792

		21		304		51		1088		81		3968		111		14336		141		51968

		22		320		52		1120		82		4096		112		14912		142		54272

		23		328		53		1184		83		4288		113		15616		143		56640

		24		344		54		1216		84		4480		114		16256		144		59136

		25		360		55		1280		85		4672		115		17024		145		61760

		26		368		56		1344		86		4864		116		17728		146		64448

		27		384		57		1408		87		5120		117		18496		147		67264

		28		408		58		1472		88		5312		118		19328		148		70208

		29		424		59		1536		89		5568		119		20160		149		73280
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