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1 Introduction

In the RAN1#51b meeting, RAN1 decided the following related to the Transport Format signaling on the PDCCH [1]:

· The Transport Format is signaled by means of a MCS level

· The combination of RB allocation size and MCS level defines the Transport Block Size

· The supported MCS levels include those used in CQI reporting

· The TBS is computed from the signaled MCS level assuming 3 OFDM symbols of control, 2 transmit antennas, no sync signals, no PBCH, normal CP

· The TBSs from the CQI reporting should match the TBSs, which are possible to signal

· Rate matching is used to handle the differences in number of control symbols, number of antennas, i.e., single table of TBSs

· MCS values

· Highest code rate ~0.8-0.9 (match to UE categories)

· FFS if higher code rates are supported (FFS if the UE should decode those or only buffer soft bits)

· Size of MCS table

· 5 bit MCS signaling (FFS if some of the 32 entries may be used for RV signaling)

· CQI MCS values taken as a starting point for design

· May want to have some overlap (e.g. 16QAM rate 1/3 and QPSK rate 2/3)

· The resulting TBSs should be aligned with the QPP interleaver sizes (removes the need for padding/depadding)

· The final TB should be checked to ensure that “common” payload sizes are covered (VoIP, RAN2 signaling, etc.)

This contribution discusses some aspects related to the MCS table generation. Moreover it analyzes the resulting MAC padding overhead caused by the finite TBS granularity provided by the 5 bit MCS level signaling.

2 Discussion of MCS table generation

Relation to CQI table

In order to allow for efficient UE testing, the defined MCS table should contain the TBSs being reported by the CQI feedback table. According to the current status of the CQI discussion for the non‑MIMO operation [2], the CQI values reported are assuming an allocation of at least the following number of RBs:

· 2 RBs (e.g. UE-selected feedback, subband_size = 2 for system BWs of 8-10 RBs, M = 1)

· 4 RBs (e.g. eNodeB configured feedback, subband_size = 4 for system BWs of 8-26 RBs)

· 6 RBs (e.g. eNodeB configured feedback, subband_size = 6 for system BWs of 27-63 RBs)

· 8 RBs (e.g. eNodeB configured feedback, subband_size = 8 for system BWs of 64-110 RBs)

· 15 RBs (e.g. UE-selected feedback, subband_size = 3 for system BWs of 27-63 RBs, M = 5)

· 24 RBs (e.g. UE-selected feedback, subband_size = 4 for system BWs of 64-110 RBs, M = 6)

Depending on the definition of the wideband CQI feedback, additional possible bandwidth‑dependent RB allocation sizes may need to be considered.

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 signaled MCS levels. Therefore, the final soft-buffer sizes for the UE categories should be defined the after the MCS table and the TBSs are fixed.

Total number of TBSs

In order to simplify testing and UE complexity the total number of distinct TBSs should be limited to  ~ 120 for 5 MHz and ~ 400 for 20 MHz.

MIMO

· In case of a MIMO transmission with two codewords, the MCS level of the second code word should be signaled differentially to the first codeword. The differential value should indicate an offset in terms of MCS level index
· In case of mapping a single TB across 2 MIMO layers (4 ( 4 MIMO), the resulting transport block size should be scaled by a factor of two.
3 Analysis of MAC padding overhead

The average MAC padding overhead for the assumptions in Table 1 is provided in Table 2.

The following is observed:

· The average MAC padding overhead for the currently assumed number of MCS levels (26-31) is about 6‑8%

· It should be noted that in contrast to HSDPA (Release 5) padding only occurs when sending the last packet of a packet call, since the MAC and RLC PDUs are of variable size and can be adjusted to the selected TBS. Therefore, the MAC padding overhead may not by too critical. On the other hand, the overhead in case of small TBSs, e.g. for services like VoIP or for higher layer signaling needs to be carefully considered.
· A proposal for reducing the MAC padding overhead to about 2-4% is provided in [2].

Table 1. MAC padding analysis assumptions
	Parameter
	Assumption/Value

	System bandwidth
	5 MHz (25 RBs)

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

	Minimum MCS level
	QPSK rate 0.076

	Maximum MCS level
	64-QAM rate 0.90

	TBS granularity
	TBSs exponentially distributed (like in HSDPA), byte‑aligned

	TBS and RB dependency
	TBS for a given signaled MCS level scales linearly with the RB allocation size


Table 2. MAC padding overhead

	Number of MCS levels
	Avrg. MAC padding overhead [%]
	Comment

	16
	13.44
	Joint MCS/RV/NDI (3 entries per RV) [4]
Explicit switching of modulation scheme for retransmissions

	23
	8.82
	Joint MCS/RV (based on [5])
Explicit switching of modulation scheme for retransmissions (3 entries per RV)

	26
	7.68
	Joint MCS/RV (based on [5])
Explicit switching of modulation scheme for retransmissions (2 entries per RV)

	27
	7.36
	Joint MCS/RV [5]
No switching of modulation scheme for retransmissions (1 entry per RV)
Double MCS entries for same spectral efficiency at modulation switching points

	29
	6.81
	Joint MCS/RV [5]
No switching of modulation scheme for retransmissions (1 entry per RV)

	31
	6.33
	Separate MCS and RV (HSDPA like)
No switching of modulation scheme for retransmissions (1 entry for TBS “out of range”)
2 additional RV bits on PDCCH

	63
	2.97
	For comparison (6 bits as used on HSDPA)
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Figure A – TBSs and average MAC padding overhead for 29 MCS levels
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