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1. Introduction

In RAN#50, a WID on closed loop uplink transmit diversity was proposed in [1].. Different kinds of close loop uplink transmit diversity schemes, namely non pre-coded pilot, pre-coded pilot option 1 and pre-coded pilot option 2 have been discussed [2]. These schemes differ in the way the pilot is pre-coded or not and transmitted on one or two antennas. 
In this contribution, we provide some considerations about the pilot design in these CLTD options and cubic metric evaluation for comparison.
2. Discussion
According to the WI, two pilot channels shall be sent from the UE to allow for channel estimation in the uplink. In this case, a key physical layer design aspect is the design of the second uplink pilot channel from the UE to NodeB. So we have to discuss the transmission of the second pilot called secondary DPCCH (S-DPCCH for short), and in particular the spreading factor of the, I/Q branch mapping, and its channelisation code.
The S-DPCCH design objective can be summarized as follows:

· Carry the pre-defined pilot bits for channel estimation
· As much as possible to reuse existing DPCCH channel coding
· Ensure that there is no significant impact to cubic metric (CM) 
· Backward compatible: it can be fall back to one antenna transmission when UE is configured in non-CLTD mode.
· Forward compatible: It is be desirable to ensure forward compatibility for UL MIMO.
2.1 S-DPCCH Structure
The Primary uplink DPCCH carries pilot bits to support channel estimation, transmit power-control (TPC) commands, feedback information (FBI), and an optional transport-format combination indicator (TFCI). The DPCCH is spread by code Cch,256,0 and mapped to the Q branch. 
In the discussed CLTD options, the S-DPCCH is only used to support channel estimation at the NodeB and determine the pre-coding feedback information. Thus, a pre-defined bit sequence in S-DPCCH is suitable, and the current UL DPCCH can satisfy this need. In respect of backward compatibility, S-DPCCH should use the same structure as DPCCH and should not require any changes to the channel coding of the existing DPCCH.
Proposal 1: Secondary DPCCH uses the same structure with existing DPCCH.
Proposal 2: The spreading factor of S-DPCCH is equal to 256.

2.2 S-DPCCH I/Q Branch
In this part we consider the cubic metric value to estimate mapping of I/Q branch impact of S-DPCCH in each of the CLTD solutions as analysis in [2]. Here we also list below to easy understand.
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 primary DPCCH is pre-coded using the same pre-coding vector as other physical channels, and the secondary DPCCH is instead pre-coded with other pre-coding vector
It concentrates on the case where UL DPDCH is not configured. The simulation assumptions consider that HS-DPCCH is configured and not configured. The results show the influence of S-DPCCH mapped to I branch and Q branch. The simulation assumptions and results are listed below.
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 = 9

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

	HS-DPCCH
	Off

SF256 = (Q,256,33)
	Off 

15*βhs/βc = 15

	S-DPCCH
	(Q,256,k) , k = 1,…,63;

( I,256,k), k = 1,…,63;
	βc2 =βc


In this simulation, Channels are pre-coded with 
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Figure 1: Antenna 1 & Antenna 2 CM value of scheme 1 with HS-DPCCH off, and S-DPCCH mapped to I branch and Q branch, respectively.
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Figure 2: Antenna 1 & Antenna 2 CM value of scheme 2 with HS-DPCCH is off, S-DPCCH mapped to I branch and Q branch, respectively.
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Figure 3: Antenna 1 & Antenna 2 CM value of scheme 3 with HS-DPCCH off, S-DPCCH mapped to I branch and Q branch, respectively.
In Figure 1, CM values of antenna 1 and antenna 2 in non pre-coded pilot option (scheme 1) are separately presented. The blue and pink line show the CM value with S-DPCCH mapped to I branch and Q branch, respectively. It is obvious that S-DPCCH only influences antenna 2, because S-DPCCH is not transmitted on the antenna 1. 
The difference of CM values between scheme 2 and scheme 3 are only caused by that S-DPCCH in scheme 3 are precoded and transmitted on both antennas which increases power of I branch or Q branch on antenna 1and equal power of both I and Q branch on antenna 2, whereas in scheme 2 S-DPCCH is only precoded and transmitted on antenna 2.
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Figure 4: Antenna 1 & antenna 2 CM value of scheme 1 with HS-DPCCH on, S-DPCCH mapped to I branch and Q branch, respectively.
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Figure 5: Antenna 1 & Antenna 2 CM value of scheme 2 with HS-DPCCH on, S-DPCCH mapped to I branch and Q branch, respectively.
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Figure 6: Antenna 1 & Antenna 2 CM value of scheme 3 with HS-DPCCH on, S-DPCCH mapped to I branch and Q branch, respectively.
In Table 2 and Table 3, the best (lowest) CM values for antenna 2 with different CLTD schemes are separately present when HS-DPCCH is off and on. 
Table 2: Best CM value of S-DPCCH mapped to I branch vs. Q branch when HS-DPCCH is off
	S-DPCCH mapping
	CLTD non pre-coded pilot option (scheme 1)
	CLTD pre-coded pilot option 1 (scheme 2)
	CLTD pre-coded pilot option 2 (scheme 3)

	I Branch
	2.15
	2.95
	2.03

	Q Branch
	1.39
	0.52
	1.49


Table 3: Best CM value of S-DPCCH mapped to I branch vs. Q branch when HS-DPCCH is on
	S-DPCCH mapping
	CLTD non pre-coded pilot option (scheme 1)
	CLTD pre-coded pilot option 1 (scheme 2)
	CLTD pre-coded pilot option 2 (scheme 3)

	I Branch
	1.48
	1.61
	1.87

	Q Branch
	2.58
	1.81
	2.44


S-DPCCH mapping to Q branch can achieve better performance while HS-DPCCH is off. Especially in scheme 2, mapping to Q branch gives a large advantage over I branch. Overall, the scheme 2 has better CM value than other options.
S-DPCCH mapping to I branch achieves superior CM performance while HS-DPCCH is on in every scheme. This is obvious since HS-DPCCH is mapped to Q branch and has a similar transmission power to DPCCH. Thus the additional S-DPCCH should mapped to the other branch to balance the I/Q branch load. Furthermore, when HS-DPCCH is on, the scheme 2 has an obvious merit over the scheme 1 and the scheme 3. 
Since the CM evaluation results are quite different between mapping to I branch or Q branch. Therefore we have the following proposal:
Proposal 3: The mapping of S-DPCCH to I branch or Q branch can be based on the transmission (or not) of HS-DPCCH.

2.3 S-DPCCH Channelisation Code
The channelisation code that can be used for S-DPCCH on Q branch is Cch,256,k (k=1,…,63) when HS-DPCCH is off. And the channelisation code that can be used for S-DPCCH on I branch is Cch,256,k (k=0,2,…,31,34,…,63) when HS-DPCCH is on. In order to indicate most conditions, we ran simulations to compare cubic metric values with different channelisation code for S-DPCCH of three CLTD schemes with the condition of HS-DPCCH off and on. Simulation assumptions are listed in Table 3. From all these results, we picked the worst CM value for the given channelisation code under different power offsets of E-DPDCH, HS-DPCCH and E-DPCCH. 
Table 3: CM Simulation Assumption 2
	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
	Off
SF256 = (Q,256,33)
	Off

15*βed/βc = {24,15,9}

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


Table 4: CM value of worst situation for scheme 1 with each channelisation code when HS-DPCCH is off and S-DPCCH is mapped to Q branch

	Channelisation Code
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	Worst CM
	1.3755 
	1.3943 
	1.3940 
	1.3927 
	1.3937 
	1.3942 
	1.3921 
	1.3935 
	1.3937 
	1.3931 

	Channelisation Code
	11 
	12 
	13 
	14 
	15 
	16 
	17 
	18 
	19 
	20 

	Worst CM
	1.3932 
	1.3933 
	1.3937 
	1.3940 
	1.3946 
	1.3929 
	1.3941 
	1.3916 
	1.3920 
	1.3934 

	Channelisation Code
	21 
	22 
	23 
	24 
	25 
	26 
	27 
	28 
	29 
	30 

	Worst CM
	1.3928 
	1.3946 
	1.3937 
	1.3931 
	1.3927 
	1.3933 
	1.3932 
	1.3939 
	1.3927 
	1.3926 

	Channelisation Code
	31 
	32 
	33 
	34 
	35 
	36 
	37 
	38 
	39 
	40 

	Worst CM
	1.3936 
	1.3928 
	1.3923 
	1.3926 
	1.3922 
	1.3928 
	1.3923 
	1.3931 
	1.3928 
	1.3928 

	Channelisation Code
	41 
	42 
	43 
	44 
	45 
	46 
	47 
	48 
	49 
	50 

	Worst CM
	1.3923 
	1.3919 
	1.3926 
	1.3926 
	1.3926 
	1.3926 
	1.3917 
	1.3919 
	1.3917 
	1.3922 

	Channelisation Code
	51 
	52 
	53 
	54 
	55 
	56 
	57 
	58 
	59 
	60 

	Worst CM
	1.3923 
	1.3931 
	1.3929 
	1.3919 
	1.3917 
	1.3931 
	1.3926 
	1.3926 
	1.3915 
	1.3930 

	Channelisation Code
	61 
	62 
	63 
	　
	　
	　
	　
	　
	　
	　

	Worst CM
	1.3916 
	1.3930 
	1.3937 
	　
	　
	　
	　
	　
	　
	　


Table 5: CM value of worst situation for scheme 2 with each channelisation code when HS-DPCCH is off and S-DPCCH is mapped to Q branch

	Channelisation Code
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Worst CM
	1.46374 
	1.46443 
	1.46403 
	1.46363 
	1.46372 
	1.46357 
	1.46368 
	1.46434 
	1.46451 
	1.46410 

	Channelisation Code
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Worst CM
	1.46407 
	1.46320 
	1.46396 
	1.46416 
	1.46395 
	1.46408 
	1.46461 
	1.46377 
	1.46346 
	1.46402 

	Channelisation Code
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	Worst CM
	1.46463 
	1.46458 
	1.46380 
	1.46318 
	1.46351 
	1.46462 
	1.46349 
	1.46409 
	1.46357 
	1.46355 

	Channelisation Code
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	Worst CM
	1.46405 
	1.46400 
	1.46412 
	1.46381 
	1.46480 
	1.46416 
	1.46444 
	1.46439 
	1.46393 
	1.46396 

	Channelisation Code
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	Worst CM
	1.46319 
	1.46408 
	1.46404 
	1.46394 
	1.46347 
	1.46444 
	1.46362 
	1.46319 
	1.46362 
	1.46353 

	Channelisation Code
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	Worst CM
	1.46384 
	1.46470 
	1.46406 
	1.46427 
	1.46395 
	1.46416 
	1.46428 
	1.46417 
	1.46363 
	1.46449 

	Channelisation Code
	61
	62
	63
	　
	　
	　
	　
	　
	　
	　

	Worst CM
	1.46430 
	1.46411 
	1.46483 
	　
	　
	　
	　
	　
	　
	　


Table 6: CM value of worst situation for scheme 3 with each channelisation code when HS-DPCCH is off and S-DPCCH is mapped to Q branch

	Channelisation Code
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Worst CM
	1.7906 
	1.7812 
	1.7917 
	1.7746 
	1.7795 
	1.7864 
	1.7812 
	1.7448 
	1.7494 
	1.7599 

	Channelisation Code
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Worst CM
	1.7530 
	1.7705 
	1.7669 
	1.7563 
	1.7648 
	1.6919 
	1.6950 
	1.7043 
	1.6965 
	1.7157 

	Channelisation Code
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	Worst CM
	1.7117 
	1.7044 
	1.7117 
	1.7472 
	1.7355 
	1.7293 
	1.7365 
	1.7158 
	1.7223 
	1.7303 

	Channelisation Code
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	Worst CM
	1.7247 
	1.5790 
	1.5846 
	1.5920 
	1.5847 
	1.6063 
	1.5984 
	1.5917 
	1.5980 
	1.6347 

	Channelisation Code
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	Worst CM
	1.6269 
	1.6219 
	1.6274 
	1.6053 
	1.6129 
	1.6180 
	1.6139 
	1.6908 
	1.6845 
	1.6766 

	Channelisation Code
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	Worst CM
	1.6834 
	1.6605 
	1.6689 
	1.6758 
	1.6681 
	1.6328 
	1.6425 
	1.6491 
	1.6419 
	1.6632 

	Channelisation Code
	61
	62
	63
	　
	　
	　
	　
	　
	　
	　

	Worst CM
	1.6564 
	1.6511 
	1.6540 
	　
	　
	　
	　
	　
	　
	　


Table 7: CM value of worst situation for scheme 1 with each channelisation code when HS-DPCCH is on and S-DPCCH is mapped to I branch

	Channelisation Code
	0 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	Worst CM
	2.8252 
	2.8212 
	2.8152 
	2.7985 
	2.7949 
	2.8029 
	2.8095 
	2.7560 
	2.7483 
	2.7580 

	Channelisation Code
	11 
	12 
	13 
	14 
	15 
	16 
	17 
	18 
	19 
	20 

	Worst CM
	2.7622 
	2.7830 
	2.7855 
	2.7760 
	2.7679 
	2.6632 
	2.6579 
	2.6686 
	2.6750 
	2.6906 

	Channelisation Code
	21 
	22 
	23 
	24 
	25 
	26 
	27 
	28 
	29 
	30 

	Worst CM
	2.6984 
	2.6861 
	2.6794 
	2.7415 
	2.7405 
	2.7322 
	2.7252 
	2.7114 
	2.7017 
	2.7157 

	Channelisation Code
	31 
	32 
	33 
	34 
	35 
	36 
	37 
	38 
	39 
	40 

	Worst CM
	2.7214 
	2.4762 
	2.4675 
	2.4800 
	2.4857 
	2.5056 
	2.5103 
	2.4995 
	2.4931 
	2.5551 

	Channelisation Code
	41 
	42 
	43 
	44 
	45 
	46 
	47 
	48 
	49 
	50 

	Worst CM
	2.5580 
	2.5463 
	2.5417 
	2.5231 
	2.5162 
	2.5318 
	2.5362 
	2.6491 
	2.6564 
	2.6438 

	Channelisation Code
	51 
	52 
	53 
	54 
	55 
	56 
	57 
	58 
	59 
	60 

	Worst CM
	2.6360 
	2.6175 
	2.6125 
	2.6266 
	2.6316 
	2.5694 
	2.5644 
	2.5811 
	2.5857 
	2.6015 

	Channelisation Code
	61 
	62 
	63 
	　
	　
	　
	　
	　
	　
	　

	Worst CM
	2.6065 
	2.5945 
	2.5906 
	　
	　
	　
	　
	　
	　
	　


Table 8: CM value of worst situation scheme 2 with each channelisation code when HS-DPCCH is on and S-DPCCH is mapped to I branch
	Channelisation Code
	0 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	Worst CM
	3.2716 
	3.2701 
	3.2630 
	3.2495 
	3.2430 
	3.2536 
	3.2576 
	3.2055 
	3.2020 
	3.2105 

	Channelisation Code
	11 
	12 
	13 
	14 
	15 
	16 
	17 
	18 
	19 
	20 

	Worst CM
	3.2159 
	3.2316 
	3.2359 
	3.2265 
	3.2195 
	3.1202 
	3.1155 
	3.1255 
	3.1301 
	3.1465 

	Channelisation Code
	21 
	22 
	23 
	24 
	25 
	26 
	27 
	28 
	29 
	30 

	Worst CM
	3.1522 
	3.1423 
	3.1380 
	3.1928 
	3.1963 
	3.1865 
	3.1813 
	3.1647 
	3.1597 
	3.1697 

	Channelisation Code
	31 
	32 
	33 
	34 
	35 
	36 
	37 
	38 
	39 
	40 

	Worst CM
	3.1747 
	2.9438 
	2.9385 
	2.9496 
	2.9551 
	2.9731 
	2.9774 
	2.9663 
	2.9617 
	3.0183 

	Channelisation Code
	41 
	42 
	43 
	44 
	45 
	46 
	47 
	48 
	49 
	50 

	Worst CM
	3.0242 
	3.0131 
	3.0069 
	2.9914 
	2.9852 
	2.9968 
	3.0022 
	3.1065 
	3.1143 
	3.1012 

	Channelisation Code
	51 
	52 
	53 
	54 
	55 
	56 
	57 
	58 
	59 
	60 

	Worst CM
	3.0956 
	3.0802 
	3.0748 
	3.0859 
	3.0902 
	3.0340 
	3.0282 
	3.0393 
	3.0460 
	3.0616 

	Channelisation Code
	61 
	62 
	63 
	　
	　
	　
	　
	　
	　
	　

	Worst CM
	3.0666 
	3.0567 
	3.0507 
	　
	　
	　
	　
	　
	　
	　


Table 9: CM value of worst situation for scheme 3 with each channelisation code when HS-DPCCH is on and S-DPCCH is mapped to I branch
	Channelisation Code
	0 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	Worst CM
	2.6393 
	2.6346 
	2.6312 
	2.6191 
	2.6164 
	2.6232 
	2.6294 
	2.5890 
	2.5839 
	2.5916 

	Channelisation Code
	11 
	12 
	13 
	14 
	15 
	16 
	17 
	18 
	19 
	20 

	Worst CM
	2.5965 
	2.6082 
	2.6113 
	2.6026 
	2.6025 
	2.5261 
	2.5206 
	2.5297 
	2.5343 
	2.5459 

	Channelisation Code
	21 
	22 
	23 
	24 
	25 
	26 
	27 
	28 
	29 
	30 

	Worst CM
	2.5495 
	2.5411 
	2.5351 
	2.5748 
	2.5800 
	2.5724 
	2.5674 
	2.5581 
	2.5539 
	2.5622 

	Channelisation Code
	31 
	32 
	33 
	34 
	35 
	36 
	37 
	38 
	39 
	40 

	Worst CM
	2.5655 
	2.3976 
	2.3931 
	2.4005 
	2.4055 
	2.4163 
	2.4215 
	2.4131 
	2.4094 
	2.4508 

	Channelisation Code
	41 
	42 
	43 
	44 
	45 
	46 
	47 
	48 
	49 
	50 

	Worst CM
	2.4541 
	2.4471 
	2.4422 
	2.4304 
	2.4254 
	2.4342 
	2.4389 
	2.5147 
	2.5168 
	2.5109 

	Channelisation Code
	51 
	52 
	53 
	54 
	55 
	56 
	57 
	58 
	59 
	60 

	Worst CM
	2.5062 
	2.4956 
	2.4913 
	2.4984 
	2.5039 
	2.4632 
	2.4596 
	2.4675 
	2.4695 
	2.4823 

	Channelisation Code
	61 
	62 
	63 
	　
	　
	　
	　
	　
	　
	　

	Worst CM
	2.4863 
	2.4776 
	2.4756 
	　
	　
	　
	　
	　
	　
	　


Based on Table 4, Table 5 and Table 6, we see in the case of HS-DPCCH is off and S-DPCCH is mapped to Q branch:

· For the non pre-coded pilot option (scheme 1), the choice of Cch,256,1,Cch,256,18, Cch,256,49, Cch,256,59, Cch,256,61 on Q for the S-DPCCH results in a better CM, however, the performance of other channelisation code does not have an obvious difference and have similar CM values. 
· For the pre-coded pilot option 1 (scheme 2), the choice of Cch,256,12, Cch,256,19, Cch,256,24, Cch,256,41, Cch,256,48 on Q for the S-DPCCH results in a better CM and similar to the non pre-coded pilot option different channelisation codes have similar CM values.
· For the pre-coded pilot option 2 (scheme 3), the choice of Cch,256,32, Cch,256,33,Cch,256,34, Cch,256,35, Cch,256,38 on Q for the S-DPCCH results in a better CM.
Based on Table 7, Table 8 and Table 9, we see in the case of HS-DPCCH is on and S-DPCCH is mapped to I branch:

· For the non pre-coded pilot option (scheme 1), the choice of Cch,256,32, Cch,256,33, Cch,256,34, Cch,256,35, Cch,256,39 on I branch for the S-DPCCH results in a better CM

· For the pre-coded pilot option 1 (scheme 2), the choice of Cch,256,32, Cch,256,33, Cch,256,34, Cch,256,35, Cch,256,39 on I branch for the S-DPCCH results in a better CM

· For the pre-coded pilot option 2 (scheme 3), the choice of Cch,256,32, Cch,256,33, Cch,256,34, Cch,256,35, Cch,256,39 on I branch for the S-DPCCH results in a better CM
3. Conclusion
In this paper, we discussed the second pilot in CLTD, according to three aspects: structure, I/Q branch mapping and channelisation code. Based on the analysis and simulation results we make the following proposals and suggest further discussion on the remaining aspects: 
Proposal 1: Secondary DPCCH uses the same structure with existing DPCCH.

Proposal 2: The spreading factor of the S-DPCCH is equal to 256.

Proposal 3: The mapping of S-DPCCH to I branch or Q branch can be based on the transmission (or not) of HS-DPCCH.
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