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1. Introduction

Several agreements for UL MIMO with 64QAM have been achieved in the last several meetings [1]. However, some remaining aspects related to 64QAM need to be discussed: the absolute grant value and power offset tables (quantization for ed,k/c and ecc for E-TFCI > E-TFCIec,boost in specification 25.212 and 25.213 ). In this contribution we will discuss the impact to the absolute grant value and power offset tables due to the introduction of higher order modulation with UL MIMO.
2. Design of Power Offset and Absolute Grant Table
2.1 Power Offset 

As the agreement in RAN1#69, some bigger TB sizes are introduced for 64QAM. In order to support these TB sizes, a significant increase in data power is needed. This may result in the range of ed/c and ec/c increase when E-TFCI > E-TFCIec,boost.T2TP may also be impacted due to the introduction of UL 64QAM and should be further discussed (Table 1B.0). 
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Figure 1: AWGN, Link efficiency for 64QAM
Figure 1 shows the link efficiency with different TB sizes for 64QAM. Each curve shows the received Ec/N0 for different T2TP power ratio values for a certain TBS. We can see that with the increase of TBS, a larger Ec/N0 is required, however, the optimal T2TP is roughly the same for all TB sizes. Similarly to 16QAM, the T2TP power ratio range is approximately [10-16] dB, as shown in Table 1B.0 in TS 25.213.
Table 1B.0: T2TP
	Signalled values for 
 T2TP
	Power offset values 
 T2TP [dB]

	6
	16

	5
	15

	4
	14

	3
	13

	2
	12

	1
	11

	0
	10


Proposal 1: Maintain the current optimal range of T2TP as in Table1B.0 in TS 25.213 to support UL 64QAM.
2.1.1 The quantization for ed,k/c and ec/c
Table 2 shows the required ed,k/c andec/c for different TB sizes using 64QAM modulation for the optimal T2TP value. Ec denotes total receiver power which includes pilot and traffic power, and Ecp denotes total pilot power which includes DPCCH and E-DPCCH. From Table 2 we observe that with the increase of TBS, larger ed,k/c andec/c are required. When the TBS >= 31600, the required ed,k/c andec/c exceed the maximal values for 16QAM, which are 377/15(Table 1B.2A )and 239/15(Table 1B.0A), respectively, in specifications 25.213. Therefore, in order to support 64QAM, the two tables mentioned above need to be modified. 
Table 2: AWGN, the required optimal T2TP, ed,k/c and ec/c with different TBS for UL 64QAM
	TBS
	T2TP
(dB)
	EDPCCH/N0
(dB)
	Ec/N0
(dB)
	Ecp/N0
(dB)
	EE-DPCCH /N0
(dB)
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	19000
	13
	-21
	7.7
	-5.51
	-5.64
	15.36
	20.71
	88/15
	163/15
	231/15

	24087
	13
	-21
	10.6
	-2.61
	-2.68
	18.32
	23.61
	124/15
	228/15
	323/15

	27564
	13
	-21
	12.84
	-0.37
	-0.41
	20.59
	25.85
	161/15
	295/15
	417/15

	30400
	13
	-21
	15.02
	1.78
	1.78
	22.78
	28.03
	207/15
	379/15
	536/15

	31600
	13
	-21
	16.3
	3.09
	3.07
	24.07
	29.31
	240/15
	439/15
	621/15

	32991
	13
	-21
	17.86
	4.65
	4.64
	25.63
	30.87
	287/15
	525/15
	742/15


Table 3 is the new quantized table for ed,k/c for E-TFCI >E-TFCIec,boost to support UL 64QAM, which discards some of the smaller and adds some of the larger values while maintaining the same table size. The range of the new quantized table for ed,k/c is [15/15-752/15], which includes the quantized value of SF4 and SF2. The quantized values in this table increase by 0.5dB. As the agreement in last meeting, the switch point from 16QAM to 64QAM occurs at 19000. From Table 2 we can see that the ed,k/c for TBS=19000 is 163/15, therefore, 8PAM should be used when the ed,k/c is larger than 163/15 an shown in Table 3.
Table 3: Quantization for ed,k/c for E-TFCI > E-TFCIec,boost
	Signalled values for   E-DPDCH
	Quantized amplitude ratios   Aed = bed/bc
	E-DPDCH modulation schemes which may be used in the same subframe

	
	　
	

	31
	752/15
	8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	30
	671/15
	8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	29
	598/15
	8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	28
	533/15
	8PAM

	27
	475/15
	8PAM

	26
	423/15
	8PAM

	25
	377/15
	4PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration),8PAM

	24
	336/15
	4PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration),8PAM

	23
	299/15
	4PAM,8PAM

	22
	267/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM,8PAM

	21
	237/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM,8PAM

	20
	212/15
	BPSK, 4PAM,8PAM

	19
	189/15
	BPSK, 4PAM,8PAM

	18
	168/15
	BPSK, 4PAM,8PAM

	17
	150/15
	BPSK, 4PAM

	16
	134/15
	BPSK, 4PAM

	15
	119/15
	BPSK, 4PAM

	14
	106/15
	BPSK, 4PAM

	13
	95/15
	BPSK, 4PAM

	12
	84/15
	BPSK, 4PAM

	11
	75/15
	BPSK, 4PAM

	10
	67/15
	BPSK, 4PAM

	9
	60/15
	BPSK, 4PAM

	8
	53/15
	BPSK, 4PAM

	7
	47/15
	BPSK, 4PAM

	6
	42/15
	BPSK, 4PAM

	5
	38/15
	BPSK

	4
	34/15
	BPSK

	3
	30/15
	BPSK

	2
	27/15
	BPSK

	1
	19/15
	BPSK

	0
	15/15
	BPSK


Table 4 is the new quantized table for ec/c for E-TFCI > E-TFCIec,boost to support UL 64QAM, which has one additional larger value respect to the original table. From Table 2 we can see that the ec/c for TBS=19000 is 88/15. Therefore, 8PAM should be used when the ec/c is larger than 88/15 as shown in Table 4.
Table 4: Quantization for ec/c for E-TFCI > E-TFCIec,boost
	Quantized amplitude ratios  
ec/c
	E-DPDCH modulation schemes which may be used in the same subframe

	300/15
	8PAM

	239/15
	4PAM,8PAM

	190/15
	4PAM,8PAM

	151/15
	4PAM,8PAM

	120/15
	BPSK, 4PAM,8PAM

	95/15
	BPSK, 4PAM,8PAM

	76/15
	BPSK, 4PAM

	60/15
	BPSK, 4PAM

	48/15
	BPSK, 4PAM

	38/15
	BPSK, 4PAM

	30/15
	BPSK, 4PAM

	24/15
	BPSK, 4PAM

	19/15
	BPSK, 4PAM

	15/15
	BPSK, 4PAM

	12/15
	BPSK, 4PAM

	9/15
	BPSK

	8/15
	BPSK, 4PAM

	6/15
	BPSK, 4PAM

	5/15
	BPSK


Proposal 2: Change the current quantized table for ed,k/c for E-TFCI > E-TFCIec,boost as Table 3 to support larger TBS for 64QAM.
Proposal 3: Extend the current quantized table for ec/c for E-TFCI >E-TFCIec,boost as Table 4 to support larger TBS for 64QAM.
2.2 Absolute Grant Value
64QAM transmission needs larger scheduling grants to reach higher peak rate. In order to support larger scheduling grants, a new Absolute Grant Value table which increases some larger value are needed introduce for 64QAM. Similarly to 16QAM, the new tables possibly will discard some of the smallest and add some of the largest absolute grant values while maintaining the same table size equal to 32. The selection of the AG table depends on the higher layer signalling as in the current specifications. Table 5 gives the absolute grant values, where the highlighted values are obtained using the same method as in [2]. We present the new absolute grant value table as shown in Table 6.
                             Table 5: Absolute grant values 
	Gain factor 
ratio
	Power ratio
	SF4
(dB)
	Target integer（dB） 
	2*SF4
(dB)
	Target integer（dB） 
	2*SF2
(dB)
	Target integer（dB） 
	2*SF4+2*SF2
(dB)
	Target integer（dB） 

	752/15
	(752/15)^2
	34.002
	34
	37.012
	37
	40.022
	40
	41.782
	42

	671/15
	(671/15)^2
	33.012
	33
	36.022
	36
	39.032
	39
	40.792
	41

	598/15
	(598/15)^2
	32.012
	32
	35.022
	35
	38.032
	38
	39.792
	40

	533/15
	(533/15)^2
	31.012
	31
	34.022
	34
	37.032
	37
	38.792
	39

	475/15
	(475/15)^2
	30.012
	30
	33.022
	33
	36.032
	36
	37.792
	38

	423/15
	(423/15)^2
	29.004
	29
	32.014
	32
	35.024
	35
	36.784
	37

	377/15
	(377/15)^2
	28.005
	28
	31.015
	31
	34.025
	34
	35.785
	36

	336/15
	(336/15)^2
	27.004
	27
	30.014
	30
	33.024
	33
	34.784
	35

	299/15
	(299/15)^2
	25.991
	26
	29.001
	29
	32.011
	32
	33.771
	34

	267/15
	(267/15)^2
	25.008
	25
	28.018
	28
	31.028
	31
	32.788
	33

	237/15
	(237/15)^2
	23.973
	24
	26.983
	27
	29.993
	30
	31.753
	32

	212/15
	(212/15)^2
	23.004
	23
	26.014
	26
	29.024
	29
	30.784
	31

	189/15
	(189/15)^2
	22.007
	22
	25.017
	25
	28.027
	28
	29.787
	30

	168/15
	(168/15)2
	20.984
	21
	23.994
	24
	27.004
	27
	28.764
	29

	150/15
	(150/15)2
	20
	20
	23.01
	23
	26.02
	26
	27.78
	28


Table 6: Proposed Mapping of Absolute Grant Value
	Absolute Grant Value
	Index

	(752/15)2x4
	31

	(598/15)2x4
	30

	(475/15)2x4
	29

	(377/15)2x4
	28

	(237/15)2x6
	27

	(168/15)2*6
	26

	(150/15)2*6
	25

	(168/15)2*4
	24

	(150/15)2x4
	23

	(134/15)2x4
	22

	(119/15)2x4
	21

	(150/15)2x2
	20

	(95/15)2x4
	19

	(168/15)2
	18

	(150/15)2
	17

	(134/15)2
	16

	(119/15)2
	15

	(106/15)2
	14

	(95/15)2
	13

	(84/15)2
	12

	(75/15)2
	11

	(67/15)2
	10

	(60/15)2
	9

	(53/15)2
	8

	(47/15)2
	7

	(42/15)2
	6

	(38/15)2
	5

	(34/15)2
	4

	(30/15)2
	3

	(27/15)2
	2

	ZERO_GRANT*
	1

	INACTIVE*
	0


Proposal 4: Introduce the absolute grant values as Table 5 to support UL 64QAM.
3. Conclusion
This contribution discusses some remaining issues for UL 64QAM, which mainly include absolute grant value and quantized power offset tables, and presents the proposed tables. Some proposals are given as following:
Proposal 1: Maintain the current optimal range of T2TP as in Table1 to support UL 64QAM.
Proposal 2: Change the current quantized table for ed,k/c for E-TFCI > E-TFCIec,boost as Table 3 to support larger TBS for 64QAM.
Proposal 3: Extend the current quantized table for ec/c for E-TFCI > E-TFCIec,boost as Table 4 to support larger TBS for 64QAM.
Proposal 4: Introduce the absolute grant values as Table 6 to support UL 64QAM.
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1. Appendix A

Table 2: Simulation parameters for UL 64QAM

	Parameter
	Value

	Physical Channels
	E-DPDCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	Fixed in each simulation:{19000, 24087, 27564, 30400, 31600, 32991}

	Modulation
	64QAM

	20*log10(βed/βc) [dB]
	Fixed in each simulation; 

various values were tried to determine the best one

	20*log10(βec/βc) [dB]
	-300dB
[E-DPCCH boosting is not explicitly modeled, equivalent boosts are directly applied to DPCCH instead]

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after 1st H-ARQ attempt 

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	PLmax
	0.33

	PLnon,max
	0.66

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON    

	ILPC Update Rate
	once per slot 

	Outer Loop Power Control
	OFF 

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	AWGN

	NodeB Receiver Type
	LMMSE


2. Appendix B
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Figure 1:  Ec/N0 v/s T2TP, TBS=19000, AWGN              Figure 2:  Ec/N0v/s T2TP, TBS=24087, AWGN
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Figure 3:  Ec/N0 v/s T2TP, TBS=27564, AWGN             Figure 4:  Ec/N0v/s T2TP, TBS=30400, AWGN
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Figure 5:  Ec/N0 v/s T2TP, TBS=31600, AWGN                 Figure 6:  Ec/N0 v/s T2TP, TBS=32991, AWGN
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