3GPP TSG-RAN Working Group 1 #52bis
R1-081213
Shenzhen, China, 31 March — 4 April, 2008
Source: 
Samsung 
Title:
MCS/TBS indication for DL-SCH and UL-SCH
Agenda Item:
6.1.3 

Document for:
Decision

Introduction
The MCS table size was discussed in the RAN1 #51bis meeting [3]. The following agreement was made:

· Size of MCS table

· 5 bit MCS signaling

· Some of the 32 entries may be used for RV signaling (FFS)

· 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)

· Resulting TB sizes should be aligned with QPP sizes

· Removes the need for padding/depadding

In this contribution, we show that 5 bit MCS/TBS signaling may not be adequate and propose to increase the number of bits for the MCS/TBS to 8 bits.
MCS/TBS indication in downlink and uplink grant
The CQI table used in uplink CQI report (as shown in Table 1) is a good starting point for deciding the MCS (spectral efficiency) supported in the DL-SCH.

Table 1. 4-bit CQI table

	CQI index
	modulation
	coding rate  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


However, some of the entries, such as CQI indices 1 and 2, are introduced mainly for reporting purpose. It would be highly inefficient usage of bandwidth if a transmission uses such a low spectral efficiency. Instead, power control should be applied to improve the spectral efficiency for transmissions under bad channel conditions. Therefore, we propose to support transmission MCS (spectral efficiencies) starting from CQI index 2.
Table 2 shows a 5-bit MCS table covering the range of spectral efficiency from 0.377 to 5.5547.
Table 2. A 5-bit MCS table

	MCS

	Modulation

	Code rate x 1024

	Spectral efficiency


	0

	QPSK
	193

	0.377


	1

	QPSK
	279

	0.5449


	2

	QPSK
	364

	0.7109


	3

	QPSK
	450

	0.8789


	4

	QPSK
	535

	1.0449


	5

	QPSK
	621

	1.2129


	6

	16QAM
	353

	1.3789


	7

	16QAM
	396

	1.5469


	8

	16QAM
	439

	1.7148


	9

	16QAM
	481

	1.8789


	10

	16QAM
	524

	2.0469


	11

	16QAM
	567

	2.2148


	12

	16QAM
	610

	2.3828


	13

	64QAM
	435

	2.5488


	14

	64QAM
	463

	2.7129


	15

	64QAM
	492

	2.8828


	16

	64QAM
	520

	3.0469


	17

	64QAM
	549

	3.2168


	18

	64QAM
	577

	3.3809


	19

	64QAM
	606

	3.5508


	20

	64QAM
	634

	3.7148


	21

	64QAM
	663

	3.8848


	22

	64QAM
	691

	4.0488


	23

	64QAM
	720

	4.2188


	24

	64QAM
	748

	4.3828


	25

	64QAM
	777

	4.5527


	26

	64QAM
	805

	4.7168


	27

	64QAM
	834

	4.8867


	28

	64QAM
	862

	5.0508


	29

	64QAM
	891

	5.2207


	30

	64QAM
	919

	5.3848


	31

	64QAM
	948

	5.5547



	


The step size in spectral efficiency is 0.167, which is about 20 bits for 1 RB assignment (assuming 120 data REs per RB). For large assignment, such as 25 RBs, the resolution is about 500 bits. However, for 25RBs, assuming 1 bit spectral efficiency, the TBS is only around 3000 bits, resulting in a maximum packing inefficiency of 8%. Clearly, the resolution is too coarse. Alternatively, we can use log spacing to quantize the spectral efficiency, which could results in large padding inefficiencies in higher SE cases, which is equally undesirable. Though one could argue that the amount of resource allocation can be adjusted to achieve further granularity of TBS, it would put additional constraints on the scheduler and is thus undesirable. 

If the TBS resolution achieved by 5-bit MCS is sufficient, we can greatly reduce the TBS supported to be a subset of the QPP sizes because the QPP sizes defined in [4] have significantly higher resolution than what can be supported by 5-bit MCS. In addition, for packets with size greater than 6144, the largest QPP size, we only need to define the TBS for integer multiples of a single QPP size as that would already have higher resolution than that can be provided by the 5-bit MCS. 

Alternatively, we can use 8 bits for the MCS/TBS. By doing so, the maximum packing inefficiency can be controlled to be about 1%. Other methods can be adopted to reduce the number of bits required to achieve a reasonable resolution of the TBS indication. For example, a nominal spectral efficiency can be signaled by the eNB to the UE so that the dynamic range of the spectral efficiencies is reduced. Note the information for eNB to set the nominal spectral efficiency is readily available due to UE measurement report and CQI feedback. Since spectral efficiency of 0.377 to 5.5547 roughly covers 20dB dynamic range, it is likely that we can reduce the dynamic range by half by only signaling the spectral efficiencies around the nominal value. Then 128 TBS indices centered on the nominal MCS index may be sufficient, thus reducing the MCS indication field to 7 bits. 

Conclusion

In this contribution, we illustrated that 5-bit MCS indication may result in poor packing efficiency and propose the following solutions:

1. We can use 8 bits for the MCS indication, which reduces the maximum packing inefficiency to be about 0.5% and average packing inefficiency to about 0.25%

2. Alternatively, we can use higher layer signaling to signal the nominal spectral efficiency to a UE and use a reduced TBS indication field. In that case, we propose to use 7 bits for MCS indication.
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