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1. Introduction

At RAN1#63bis meeting, we provided a paper about cubic metric evaluation [2] for comparison of different pilot schemes of CLTD. In this contribution, we further evaluate the mapping of secondary DPCCH (S-DPCCH) for UL CLTD and performance of different UL pilot schemes from cubic metric perspective. 
2. Discussion
Here we list each candidate UL pilot schemes below for easy description.
Non pre-coded pilot (Scheme 1): DPCCH(s) are not pre-coded and each of them is transmitted from one individual antenna.
Pre-coded pilot option 1 (Scheme 2): two orthogonal DPCCH(s) are pre-coded with w1 and w2 respectively before transmission on each of the antennas.
Pre-coded pilot option 2 (Scheme 3): the DPCCH has same precoding vector as the control and data channels, and the secondary DPCCH has the orthogonal precoding vector.
The simulation settings of CLTD are shown in Table 1. Here concentrate on the cases where UL DPDCH is not configured, and HS-DPCCH is transmitted. We simulate all the power offsets combinations of E-DPCCH, E-DPDCH and HS-DPCCH listed on following table, and for each combination select the lowest CM values out of all available channelisation codes. 
For the sake of efficient analysis, we first focus on the impact of mapping S-DPCCH to I branch and Q branch, and try to conclude which branch is better to be mapped to according to results comparison. Then, further evaluations of each UL pilot scheme are provided on the basis of specific I/Q branch.
Table 1: CM Simulation Assumptions
	Channel
	Channelisation code
	Gain factor

	P-DPCCH
	(Q,256,0)
	βc = 15/15

	E-DPCCH
	(I,256,1)
	15*βec/βc = {24,15,9}

	E-DPDCH
	SF4 = (I,4,1): block size 1406
	15*βed/βc = {17,47, 84}

	HS-DPCCH
	SF256 = (Q,256,33)
	15*βhs/βc = {24,15,9}

	S-DPCCH
	(Q,256,k) , k = 1,…,63;
( I,256,k), k=0,2,…,63;
	βc2 = βc


Table 2: Best CM value of different UL pilot schemes when S-DPCCH is mapped to I branch
	15*βec/βc
	15*βhs/βc
	15*βed/βc
	Antenna 1
	Antenna 2

	
	
	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 1
	Scheme 2
	Scheme 3

	9
	9 
	17
	1.12
	1.12
	1.91
	1.92
	2.34
	1.91

	
	
	47
	0.43
	0.43
	1.22
	1.37
	1.74
	1.22

	
	
	84
	0.17
	0.17
	0.57
	0.68
	0.89
	0.57

	
	15 
	17
	1.41
	1.41
	1.73
	1.63
	1.61
	1.73

	
	
	47
	0.51
	0.51
	1.15
	1.59
	1.52
	1.15

	
	
	84
	0.19
	0.19
	0.56
	0.90
	0.84
	0.56

	
	24 
	17
	1.39
	1.39
	1.41
	1.21
	0.78
	1.42

	
	
	47
	0.58
	0.58
	1.02
	1.82
	1.11
	1.02

	
	
	84
	0.21
	0.21
	0.53
	1.28
	0.73
	0.53

	15
	9 
	17
	1.24
	1.24
	2.26
	2.28
	2.75
	2.26

	
	
	47
	0.84
	0.84
	1.58
	1.57
	2.07
	1.58

	
	
	84
	0.41
	0.41
	0.79
	0.79
	1.09
	0.78

	
	15 
	17
	1.39
	1.39
	2.01
	1.88
	2.02
	2.02

	
	
	47
	0.83
	0.83
	1.49
	1.72
	1.82
	1.49

	
	
	84
	0.40
	0.40
	0.77
	0.99
	1.03
	0.77

	
	24 
	17
	1.34
	1.34
	1.60
	1.33
	1.06
	1.60

	
	
	47
	0.79
	0.79
	1.31
	1.87
	1.36
	1.31

	
	
	84
	0.39
	0.39
	0.72
	1.33
	0.90
	0.72

	24
	9 
	17
	1.29
	1.29
	2.39
	2.47
	2.94
	2.39

	
	
	47
	1.41
	1.41
	2.08
	1.87
	2.51
	2.08

	
	
	84
	0.84
	0.84
	1.19
	1.01
	1.46
	1.19

	
	15 
	17
	1.31
	1.31
	2.16
	2.07
	2.33
	2.16

	
	
	47
	1.32
	1.32
	1.98
	1.91
	2.25
	1.98

	
	
	84
	0.81
	0.81
	1.16
	1.16
	1.39
	1.16

	
	24 
	17
	1.22
	1.22
	1.74
	1.47
	1.41
	1.74

	
	
	47
	1.14
	1.14
	1.75
	1.94
	1.75
	1.75

	
	
	84
	0.75
	0.75
	1.09
	1.43
	1.22
	1.09


	Table 3: Best CM value of different UL pilot schemes when S-DPCCH is mapped to Q branch

15*βec/βc
	15*βhs/βc
	15*βed/βc
	Antenna 1
	Antenna 2

	
	
	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 1
	Scheme 2
	Scheme 3

	9
	9
	17
	1.12
	1.11
	1.83
	2.15
	1.12
	1.83

	
	
	47
	0.43
	0.43
	0.53
	1.42
	0.44
	0.53

	
	
	84
	0.17
	0.17
	0.19
	0.68
	0.17
	0.19

	
	15
	17
	1.41
	1.41
	2.08
	2.41
	1.42
	2.08


	
	
	47
	0.51
	0.51
	0.59
	1.82
	0.51
	0.59

	
	
	84
	0.19
	0.19
	0.20
	0.96
	0.19
	0.20

	
	24
	17
	1.39
	1.39
	2.06
	2.21
	1.40
	2.06

	
	
	47
	0.58
	0.58
	0.66
	2.19
	0.59
	0.66

	
	
	84
	0.21
	0.21
	0.21
	1.40
	0.21
	0.21

	15
	9
	17
	1.24
	1.24
	1.78
	1.88
	1.24
	1.78

	
	
	47
	0.84
	0.83
	0.93
	1.47
	0.83
	0.93

	
	
	84
	0.41
	0.41
	0.42
	0.76
	0.41
	0.42

	
	15
	17
	1.39
	1.39
	1.94
	2.14
	1.40
	1.94

	
	
	47
	0.83
	0.83
	0.94
	1.81
	0.83
	0.94

	
	
	84
	0.40
	0.40
	0.42
	1.01
	0.40
	0.42

	
	24
	17
	1.34
	1.34
	1.91
	2.04
	1.35
	1.91

	
	
	47
	0.79
	0.79
	0.93
	2.15
	0.79
	0.93

	
	
	84
	0.39
	0.39
	0.42
	1.42
	0.39
	0.42

	24
	9
	17
	1.29
	1.29
	1.62
	1.44
	1.30
	1.62

	
	
	47
	1.41
	1.41
	1.49
	1.54
	1.41
	1.49

	
	
	84
	0.84
	0.84
	0.86
	0.91
	0.84
	0.86

	
	15
	17
	1.31
	1.32
	1.69
	1.67
	1.32
	1.68

	
	
	47
	1.32
	1.32
	1.45
	1.79
	1.32
	1.45

	
	
	84
	0.81
	0.81
	0.85
	1.12
	0.81
	0.85

	
	24
	17
	1.22
	1.22
	1.64
	1.69
	1.23
	1.64

	
	
	47
	1.14
	1.14
	1.35
	2.05
	1.14
	1.35

	
	
	84
	0.75
	0.75
	0.82
	1.47
	0.75
	0.81


In Table 4 and Table 5, the minimum (lowest) CM values and maximal (highest) CM values for antenna 1&2 of different UL pilot schemes are separately selected when S-DPCCH is mapped to I branch and Q branch. 
Table 4: Minimum and Maximal CM value of different UL pilot schemes when S-DPCCH is mapped to I branch
	　
	Antenna 1
	Antenna 2

	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 1
	Scheme 2
	Scheme 3

	Minimum CM
	0.17
	0.17
	0.53
	0.68
	0.73
	0.53

	Maximal CM
	1.41
	1.41
	2.39
	2.47
	2.94
	2.39


Table 5: Minimum and Maximal CM value of different UL pilot schemes when S-DPCCH is mapped to Q branch
	　
	Antenna 1
	Antenna 2

	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 1
	Scheme 2
	Scheme 3

	Minimum CM
	0.17
	0.17
	0.19
	0.68
	0.17
	0.19

	Maximal CM
	1.41
	1.41
	2.08
	2.41
	1.42
	2.08


Based on the results of Table 2, Table 3, Table 4 and Table 5, we can see all of three UL pilot schemes have better CM values on both antenna 1 and antenna 2 when S-DPCCH is mapped to Q branch than mapped to I branch. Hence we have the following proposals.
Proposal 1: S-DPCCH is mapped to Q branch.
Proposal 2: The channelization code for S-DPCCH is FFS.
When S-DPCCH is mapped to I branch:

· For antenna 1, scheme 1 and 2 share the same CM value. The CM value of scheme 3 is always higher than that of the other two schemes for all the list cases. The maximum CM value increase of scheme 3 is up to 1dB.
· For antenna 2, no scheme has obvious advantage than other schemes. CM value differences vary depending on power offset scenario.
When S-DPCCH is mapped to Q branch:

· For antenna 1, scheme 1 and 2 also share the same CM value. The CM value of scheme 3 is always higher than that of the other two schemes for all the list cases. The maximum CM value disadvantage of scheme 3 is up to 0.7dB.
· For antenna 2, scheme 2 has obvious advantage over scheme 1 and scheme 3. The maximum CM value loss of scheme 3 is up to 0.7dB compared to scheme 2. In most cases, the CM value of scheme 1 is higher than that of scheme 2 and 3. 

According to the summary above, we propose that:
Proposal 3: From cubic metric evaluation perspective, agree Scheme 2, defined in this paper, as UL pilot scheme for CLTD.
3. Conclusion
In this paper, we discuss S-DPCCH in CLTD I/Q branch mapping and evaluate the CM performance of different CLTD schemes. The CM performance results show that all of three CLTD schemes have better CM value on both antenna 1 and antenna2 when S-DPCCH mapped to Q branch than mapped to I branch, and scheme 2 has advantage over the other schemes for all the list cases. So the following are proposed:
Proposal 1: S-DPCCH is mapped to Q branch.

Proposal 2: The channelization code for S-DPCCH is FFS.

Proposal 3: From cubic metric evaluation perspective, agree Scheme 2, defined in this paper, as UL pilot scheme for CLTD.
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