
3GPP TSG RAN WG1#76bis
R1-141337
Shenzhen, China, 31st March – 4th April, 2014
Agenda Item:
7.2.4.1
Source:
LG Electronics
Title:

CQI/MCS/TBS design for 256QAM support
Document for:
Discussion and decision
1 Introduction
In last RAN1 #76 meeting, there was a discussion on the CQI/MCS/TBS table design for 256QAM support in downlink and the following agreements were made.
· CQI table

· Support SE in the entire range from X1 bps/Hz to X2 bps/Hz
· Down-sample low CQI entries by removing Y1 entries, and add Y1 new entries for 256QAM region with even spacing
· Note: One company (Panasonic) express a concern that test and implied spec change is unnecessary high
· CQI  #0 to be equaled to out of range

· Switching point of 64QAM and 256QAM should be CQI Z (Z=14 or 15 in the existing table)

· FFS the positions of the CQI entries in the Rel-12 CQI table – to be decided between the following two options
· Option1: order the CQI indices according to the spectral efficiencies]
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
· Modulation and TBS index table

· Definition of N (N=3 or 4) reserved entries for adaptive retransmission 

· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x
· The need of overlapping spectral efficiency of different modulations is  FFS
· FFS the position of Modulation and TBS entries in the Rel-12 Modulation and TBS table
· TBS table

· Reuse as many as possible of current TBS entries with up to around [2%] average padding aligned with Rel-10 design
· Define overhead assumption(s) (REs/PRB) for PDSCH 
· Working assumption: Use [120 REs] per PRB for all new spectral efficiencies except for the highest spectral efficiency
· FFS: Overhead assumption for the highest spectral efficiency
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
In this contribution, we further discuss CQI/MCS/TBS design to support 256QAM in the downlink transmission. 
2 CQI table design
First, we discuss the transition point between 64QAM and 256QAM. We evaluate the PDSCH performance with CQI 14 and CQI 15 over various channel environments. Simulation assumptions are shown in the appendix. 
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Figure 1. PDSCH performance with (a) CQI14 and (b) CQI 15.
As seen in Figure 1, PDSCH performance with 64QAM outperforms that with 256QAM assuming CQI 14. On the other hand, 256QAM shows better performance assuming CQI 15. From this observation, we propose the transition point between 64QAM and 256QAM should be CQI 15 in current CQI table.
Proposal 1: Transition point between 64QAM and 256QAM is CQI 15 in current CQI table.
The operating SINR for current CQI table should be extended to support 256QAM transmission. The highest operating SINR for 256QAM would be 25.6 dB assuming spectral efficiency (SE) of 7.416 (coding rate of 0.927).  Then, we need three new CQI entries for 256QAM assuming equal SINR spacing. Table shows new CQI entries and Figure 2 shows the PDSCH performance with new CQI entries over AWGN. In evaluation, 126 resource elements (RE) per PRB pair are assumed and 5 RBs are used for PDSCH transmission. As shown in Figure 2, the SINR spacing between consecutive CQI entries is about 2 dB, which is similar to SINR spacing of current CQI table (e.g., 1.892 dB). 
Table 1. New CQI entries for 256QAM transmission
	CQI index
	Modulation
	Code rate x 1024
	Efficiency

	16
	256QAM
	780
	6.197

	17
	256QAM
	879
	6.908

	18
	256QAM
	938
	7.416
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Figure 2. PDSCH performance with new CQI entries over AWGN assuming 5 RB allocation
Since the bit length of CQI feedback should be the same as current specification, three CQI indices of the current CQI table should be replaced with new CQI indices for 256QAM. The CQI table design affects the MCS table. Hence, the main criterion to select CQI indices to remove should be performance impact. According to current specification, the lowest MCS index, MCS 0, is mapped to CQI 2. This means that replacement of CQI 1 may result in negligible impact on performance. Since the occurrence of lower CQI indices is relatively small in sparse deployment scenario [1], it had better select CQI indices from QPSK ones. If we should support special purpose TBS (e.g., VoIP TBS) for 256QAM, it would be better to keep CQI 2 mapped to MCS 0 and MCS 1 which support all sets of TBS for VoIP TBS. Considering these aspects, the candidates for replacement may be (CQI 1, CQI 3,  CQI 4) or (CQI 1, CQI 3, CQI 5).
Proposal 2: Candidates of CQI indices for replacement should be one of (CQI 1, CQI 3,  CQI 4) or (CQI 1, CQI 3, CQI 5).
Regarding the positions of new CQI entries, we prefer option 1, which orders the CQI indices according to the spectral efficiencies. Option 2, which keeps the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table, may offer a limited support in fallback situation. However, option 2 has much more complicated specification work for differential CQI feedback. Moreover, frequent RRC reconfiguration seems not necessary nor desirable. Thus, in our view, we do not find a strong motivation to adopt option 2 compared to a simple solution of option 1.
3 MCS table design
Current MCS indices consist of MCS indices directly from CQI indices and MCS indices from interpolation between consecutive CQI indices. It is straightforward that three new CQI entries for 256QAM require six new MCS indices. The other design possibilities are one reserved state for 256QAM retransmission and one state to represent same TBS index in modulation transition point. In summary, we should remove six to eight MCS indices depending on the design choice. First in terms of 3 reserved states (and thus 29 available MCS entries for initial transmission) and 4 reserved states (and thus 28 available MCS entries for initial transmission), we evaluate the system simulation to compare two options and find performance impact of the reserved state for 256QAM in MCS table. We assume that CQI 1, CQI 3, and CQI 4 are replaced with 256QAM ones. With 3 reserved states, we add one more MCS entry (MCS 3 in current table) in addition to MCS entries used for 4 reserved states shown in Table 3. 
Table 2 shows the throughput performance comparison between 3 and 4 reserved states. As shown in Table 2, the performance difference seems to be negligible between 3 and 4 reserved states. On the other hand, 4 reserved bits offer scheduling flexibility. Thus, utilizing 4 reserved bits can be used. 
Table 2. Throughput performance comparison between 3 and 4 reserved states (RU=10%, 256QAM configuration depending on RSRP): (a) overall system and (b) small cell layer.
(a)
	Config
	#SuccUe
	RU
	UeRxTput
	UeTput(5%)
	UeTput(50%)
	UeTput(95%)

	4 reserved states
	5117
	0.11
	-
	-
	-
	-

	3 reserved states (% gain)
	5117
	0.11
	0.00 %
	0.81 %
	-1.00 %
	0 %


(b)
	Config
	#SuccUe
	RU
	UeRxTput
	UeTput(5%)
	UeTput(50%)
	UeTput(95%)

	4 reserved states
	3503
	0.11
	-
	-
	-
	-

	3 reserved states (% gain)
	3502
	0.11
	-0.01 %
	1.66 %
	-1.25 %
	0 %


Regarding the same TBS index in modulation table, it may not be supported in MCS table for 256QAM support to minimize performance impact by replacing a few entries with 256QAM entries. Thus, all overlapping entries (the same TBS index entries) can be removed to reserve more entries for 256QAM entries while keeping the performance impact minimal. We can expect less performance loss by removing MCS index mapped to overlapped TBS index. Since we have still one modulation scheme to support on that TBS, performance impact may be dependent on the channel environment. Hence, we prefer not support of overlapped TBS index. The candidate MCS table is shown in Table 3. 
Table 3. Candidate MCS table
	MCS index
	Modulation
	TBS index
	MCS index
	Modulation
	TBS index
	Efficiency

	0
	QPSK
	0
	16
	64QAM
	21
	

	1
	QPSK
	1
	17
	64QAM
	22
	

	2
	QPSK
	6
	18
	64QAM
	23
	

	3
	QPSK
	8
	19
	64QAM
	24
	

	4
	QPSK
	9
	20
	64QAM
	25
	

	5
	16QAM
	10
	21
	256QAM
	26
	5.555

	6
	16QAM
	11
	22
	256QAM
	27
	5.876

	7
	16QAM
	12
	23
	256QAM
	28
	6.197

	8
	16QAM
	13
	24
	256QAM
	29
	6.552

	9
	16QAM
	14
	25
	256QAM
	30
	6.901

	10
	16QAM
	15
	26
	256QAM
	31
	7.162

	11
	64QAM
	16
	27
	256QAM
	32
	7.416

	12
	64QAM
	17
	28
	QPSK
	reserved
	

	13
	64QAM
	18
	29
	16QAM
	
	

	14
	64QAM
	19
	30
	64QAM
	
	

	15
	64QAM
	20
	31
	256QAM
	
	


Proposal 3: One reserved state for 256QAM should be supported and same TBS index should not be supported.
4 TBS table design
For TBS table design, we should determine the overhead assumption for PDSCH transmission. If we follow similar approach as in current specification, 120 REs (3 OFDM symbols for PDCCH transmission and 2 CRS antenna ports) may be assumed for PDSCH transmission for PRB pair. It is desirable to re-use the existing TBS as much as possible assuming around 2 % padding. Table 3 shows the TBS corresponding 256QAM TBS indices (e.g., TBS 27~TBS32).  With the same approach as in current specification, there may be no new TBS entries for 2-layer and 3-layer transmission. If we support up to 4-layer transmission for single TB, new TBS entries may be required to support 256QAM. Table 4 shows TBS for 2-layer, 3-layer, and 4-layer (if supported) transmission, respectively. For higher peak rate, we may change overhead assumption for last TBS index. For example, assuming the same approach as in the current specification, 136 REs (1 OFDM symbol for PDCCH transmission and 4 CRS antenna ports) may be assumed for TBS 32.
Table 3. TBS for TBS 27 to TBS 32
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1 680 712 776 808 840 904 56 39424 40576 43816 46888 46888 52752

2 1384 1480 1544 1608 1672 1864 57 40768 42368 45352 46888 48936 52752

3 2088 2216 2344 2472 2536 2792 58 40768 42368 45352 46888 48936 55056

4 2792 2984 3112 3240 3368 3752 59 40768 43816 46888 48936 51024 55056

5 3496 3752 3880 4136 4264 4584 60 42560 43816 46888 48936 51024 55056

6 4264 4392 4776 4968 5160 5544 61 42560 45352 46888 51024 52752 57336

7 4968 5160 5544 5736 5992 6456 62 44032 45352 48936 51024 52752 57336

8 5544 5992 6200 6456 6712 7480 63 44032 46888 48936 52752 52752 59256

9 6200 6712 6968 7480 7736 8248 64 45568 46888 51024 52752 55056 59256

10 6968 7480 7736 8248 8504 9144 65 45568 48936 51024 52752 55056 61664

11 7736 7992 8504 9144 9528 10296 66 47104 48936 51024 55056 57336 61664

12 8504 8760 9528 9912 10296 11064 67 47104 48936 52752 55056 57336 61664

13 9144 9528 10296 10680 11064 12216 68 47104 51024 52752 55056 57336 63776

14 9912 10296 11064 11448 11832 12960 69 49152 51024 55056 57336 59256 63776

15 10680 11064 11832 12216 12960 14112 70 49152 51024 55056 57336 59256 63776

16 11064 11832 12576 12960 13536 14688 71 49152 52752 55056 59256 61664 66592

17 11832 12576 13536 14112 14688 15840 72 51264 52752 57336 59256 61664 66592

18 12576 13536 14112 14688 15264 16992 73 51264 55056 57336 59256 61664 68808

19 13536 14112 14688 15840 16416 17568 74 52992 55056 57336 61664 63776 68808

20 14112 14688 15840 16416 16992 18336 75 52992 55056 59256 61664 63776 68808

21 14688 15264 16416 17568 17568 19848 76 52992 57336 59256 61664 63776 71112

22 15264 16416 16992 18336 19080 20616 77 55296 57336 59256 63776 66592 71112

23 15840 16992 18336 19080 19848 21384 78 55296 57336 61664 63776 66592 73712

24 16992 17568 19080 19848 20616 22152 79 55296 59256 61664 66592 66592 73712

25 17568 18336 19848 20616 21384 22920 80 55296 59256 61664 66592 68808 73712

26 18336 19080 20616 21384 22152 24496 81 57576 59256 63776 66592 68808 75376

27 19080 19848 21384 22152 22920 25456 82 57576 61664 63776 66592 71112 76208

28 19848 20616 22152 22920 23688 26416 83 57576 61664 63776 68808 71112 76208

29 20616 21384 22920 23688 24496 27376 84 59496 61664 66592 68808 71112 78704

30 21384 22152 23688 24496 25456 28336 85 59496 63776 66592 71112 73712 78704

31 21384 22920 24496 25456 26416 29296 86 59496 63776 66592 71112 73712 81176

32 22152 23688 25456 26416 27376 29296 87 61952 63776 68808 71112 73712 81176

33 22920 24496 25456 27376 28336 30576 88 61952 63776 68808 73712 75376 81176

34 23688 25456 26416 28336 29296 31704 89 61952 66592 68808 73712 76208 81176

35 24496 25456 27376 29296 29296 32856 90 64064 66592 71112 73712 76208 84760

36 25456 26416 28336 29296 30576 34008 91 64064 66592 71112 75376 78704 84760

37 26416 27376 29296 30576 31704 34008 92 64064 68808 71112 76208 78704 84760

38 26416 28336 29296 31704 32856 35160 93 66880 68808 73712 76208 78704 87936

39 27376 29296 30576 31704 32856 36696 94 66880 68808 73712 78704 81176 87936

40 28336 29296 31704 32856 34008 36696 95 66880 71112 73712 78704 81176 87936

41 28336 30576 31704 34008 35160 37888 96 66880 71112 75376 78704 81176 87936

42 29296 30576 32856 35160 35160 39232 97 69120 71112 76208 81176 84760 90816

43 30576 31704 34008 35160 36696 40576 98 69120 73712 76208 81176 84760 90816

44 30576 32856 34008 36696 37888 40576 99 69120 73712 78704 81176 84760 90816

45 31704 32856 35160 36696 37888 42368 100 71424 73712 78704 81176 84760 93800

46 31704 34008 36696 37888 39232 42368 101 71424 75376 78704 84760 87936 93800

47 32856 35160 36696 39232 40576 43816 102 71424 75376 78704 84760 87936 93800

48 34008 35160 37888 39232 40576 45352 103 71424 76208 81176 84760 87936 93800

49 34008 36696 37888 40576 42368 45352 104 74048 76208 81176 84760 87936 93800

50 35160 36696 39232 40576 42368 46888 105 74048 78704 81176 87936 90816 93800

51 35160 37888 40576 42368 43816 46888 106 74048 78704 84760 87936 90816 93800

52 36696 37888 40576 42368 43816 48936 107 75712 78704 84760 87936 90816 93800

53 36696 39232 42368 43816 45352 48936 108 76544 81176 84760 87936 93800 93800

54 37888 40576 42368 43816 46888 51024 109 76544 81176 84760 90816 93800 93800

55 39424 40576 42368 45352 46888 51024 110 76544 81176 84760 90816 93800 93800


Table 4. Candidate TBS for 2-layer , 3-layer, and 4-layer PDSCH transmission
	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	76208
	151376
	230104
	305976

	78704
	157432
	236160
	314888

	81176
	161760
	245648
	324336

	84760
	169544
	254328
	339112

	87936
	175600
	266440
	351224

	90816
	181656
	275376
	363336

	93800
	187712
	284608
	375448


5 Conclusions
In this contribution, we further discussed CQI/MCS/TBS table design. We propose followings: 
Proposal 1: Transition point between 64QAM and 256QAM should be CQI 15 in current CQI table.
Proposal 2: Candidates of CQI indices for replacement should be one of (CQI 1, CQI 3,  CQI 4) or (CQI 1, CQI 3, CQI 5).
Proposal 3: One reserved state for 256QAM should be supported and same TBS index should not be supported.

We also give candidate TBS table for 256QAM support.
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Appendix
Table A1. Link simulation assumptions
	Carrier frequency
	3.5 GHz

	Mobile speed
	3 Km/h

	Antenna configuration
	1x2

	Channel model
	ETU, EPA

	RB allocation
	8 RB

	Channel estimation
	Real

	Available REs per PRB pair for PDSCH
	126


Table A2. System simulation assumptions
	Deployment scenario
	Small cell deployment scenario #2b sparse

	Number of macro cells
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	24 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	2

	Distance-dependent path loss
	ITU model as baseline.

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	RSRQ + bias with realistic buffer.

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	RU
	10%

	UE receiver
	MMSE-IRC

	Antenna configuration
	2x2, Cross-polarized

	EVM
	4% for Tx

	Other parameters
	Based on TR 36.872


