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1 Introduction
At RAN#63bis initial discussions regarding CLTD occurred. In [6] we presented a paper discussing channel sounding strategies for CLTD. However, during RAN1#63bis there it was noted that some of the numbers presented in the paper were erroneous. In this paper we present the complement our previous results with the correct numbers. We also provide some additional motivations for why it would be preferable to have the possibility to configure the S-DPCCH with a power offset as well as having the possibility to gate the S-DPCCH. 
2 Discussion
At RAN1#63bis the working assumption that the DPCCH pilots should be pre-coded was agreed. This structure is illustrated in Figure 1. In the remaining part of the document we will make use of the following terminology:
Primary DPCCH: The DPCCH that is pre-coded with the same antenna as the other physical channels (E-DPCCH, E-DPDCH, HS-DPCCH). 

Secondary DPCCH: The other DPCCH.
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Figure 1: A physical channel layout where the P-DPCCH and all physical data channels are pre-coded with the same pre-coding vector and S-DPCCH is pre-coded with another pre-coding vector.

A structure with pre-coded pilots (and where the P-DPCCH alone can be used for demodulation of the physical channels) allows that the S-DPCCH is gated. In this structure we also note that 

· The P-DPCCH will be used for demodulation whenever the UE transmit data
· The P-DPCCH and S-DPCCH are necessary for estimating the complete channel, which is need for determining the preferred pre-coding vector. 

Hence, it is possible to envision a structure where the S-DPCCH only is used channel sounding whereas the P-DPCCH and S-DPCCH is used for both channel sounding and demodulation. 
2.1  Construction of the DPCCH pilots

To minimize the impact on the Node-B receiver for closed loop transmit diversity and to ensure that legacy Node-Bs can demodulate data transmissions it would in our view be beneficial if the P-DPCCH would reuse an already existing DPCCH pilot pattern. 

Proposal 1: Agree that the P-DPCCH reuses existing slot formats.

The S-DPCCH could either be transmitted on a different channelization code or possibly with an orthogonal pilot pattern. The latter was discussed in [2]. Which of these that is best suited should be further studied within the WI. 

Proposal 2: The slot format used for S-DPCCH is FFS.

In this contribution we assume that the S-DPCCH is transmitted on the same channelization code but utilizes an orthogonal pilot pattern (see [2] for details). Note also that we currently are leaning towards a solution where the pre-coding weights are signalled on the S-DPCCH. 
2.2 Transmissions of the DPCCH pilots 

In order to ensure that closed loop transmit diversity is attractive to deploy for operators in practice it is important to keep the overall DPCCH overhead at a reasonable level. By DPCCH overhead we here refer to both additional (air interface) load generated by the S-DPCCH but also the additional hardware consumption required in the Node-B. 

Of course it is important that the Node-B has an accurate and updated estimate of the wireless channel so that it can decide the pre-coding weights. In this contribution we evaluate the performance that can be achieved with pre-coded DPCCH pilots where:

· P-DPCCH always is transmitted.
· S-DPCCH only is transmitted occasionally for channel sounding purposes.

· The ratio between the S-DPCCH and the P-DPCCH transmit power is 
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.
An overview of the studied pattern is shown in Figure 1 and the corresponding simulation assumptions are presented in section 5 (Appendix A).
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Figure 2: Schematic illustration of a pilot structure in which S-DPCCH can be gated and transmitted with a relative power offset 
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(as compared to the P-DPCCH transmit power). 
In Table 1 and Table 2 different DPCCH pilot patterns are compared for two different transport block sizes and different channel estimation algorithms. For all studied settings a PCI update interval of 3 slots is used. The parenthesis in the column expresses how much power that is used in each slot. The first parenthesis describes the power used by the P-DPCCH and the second parenthesis describes the power used by the S-DPCCH. To exemplify, the notation (1 1 1)(0.25 0 0) corresponds to the setting where the P-DPCCH is transmitted in each slot with a transmit power PP-DPCCH whereas the S-PDCCH is transmitted every third slot and when transmissions occurs it is transmitted at a transmit power level PS-DPCCH=0.25PP-DPCCH. (i.e. =0.25).
Three different channel estimation methods are evaluated:

· Ignore: This approach does not compensate for potential phase change in the channel estimation.
· Reset: In this case the channel estimate is reset when the phase is updated. 

· Rotate: This approach compensates for potential phase change in the channel estimation.

In addition to these methods we also evaluate whether filtering of the channel for PCI estimation can help improve performance. In the simulations we assume that an LMMSE receiver is used. 
We also highlight that the inner loop power control only operates on the P-DPCCH and that only the P-DPCCH is used for demodulation. 
Table 1 and Table 2 illustrate the average transmit power and received power for two different transport block sizes. From the tables we can observe: 

· Utilizing a power offset  for the S-DPCCH reduces the DPCCH overhead.

· There is a small gain by accounting for phase changes in channel estimation.

Table 1: Different transmit diversity modes for a PA3 channel when an LMMSE receiver is used at the Node-B. Practical channel estimates, 4 phases and a PCI delay equal to 1 slot is used.

	PA3, TxCorr 0,


	Gain Mean

Rx Ec/N0 [dB]
	Gain Mean

Tx Ec/N0 [dB]
	Throughput 

[kbps]
	Channel 

estimation
	Filter PCI

Comp

	No TxD
	N/A
	N/A 
	344.3
	N/A
	N/A

	(0.5 0.5 0.5)(0.5 0.5 0.5)
	-0.89
	1.17
	369.0
	Rotate
	Yes

	(0.5 0.5 0.5)(0.5 0.5 0.5)
	-0.98
	1.05
	374.2
	Ignore
	Yes

	(0 1 1)(1 0 0)
	-0.68
	0.39
	364.8
	Reset
	Yes

	(1 1 1)(1 0 0)
	-0.01
	2.19
	342.3
	Reset
	No

	(1 1 1)(0.5 0 0)
	-0.14
	2.11
	351.4
	Reset
	No

	(1 1 1)(0.5 0.5 0.5)
	-0.12
	2.13
	350.0
	Reset
	No

	(1 1 1)(0.5 0.5 0.5)
	0.00
	2.26
	341.8
	Rotate
	No

	(1 1 1)(0.5 0.5 0.5)
	0.00
	2.16
	340.1
	Reset
	Yes

	(1 1 1)(0.25 0 0)
	-0.25
	1.99
	356.6
	Reset
	No

	(1 1 1)(0.25 0.25 0.25)
	-0.25
	2.09
	356.2
	Reset
	No

	(1 1 1)(0.25 0.25 0.25)
	-0.06
	2.28
	347.9
	Rotate
	No

	(1 1 1)(0.25 0.25 0.25)
	-0.02
	2.22
	342.2
	Reset
	Yes

	(0.75 1 1)(0.25 0 0)
	-0.34
	1.90
	360.1
	Reset
	No

	(0.75 0.75 0.75)(0.25 0 0)
	-0.57
	1.68
	368.1
	Reset
	No

	(0.75 0.75 0.75)(0.25 0.25 0.25)
	-0.63
	1.70
	372.1
	Reset
	No

	(0.75 0.75 0.75)(0.25 0.25 0.25)
	-0.39
	1.94
	359.2
	Rotate
	No

	(0.75 0.75 0.75)(0.25 0.25 0.25)
	-0.46
	1.75
	361.7
	Reset
	Yes


Table 2: Different transmit diversity modes for a PA3 channel when an LMMSE receiver is used at the Node-B. Practical channel estimates, 4 phases and a PCI delay equal to 1 slot is used.

	PA3, TxCorr 0,


	Mean

Rx Ec/N0 [dB]
	Mean

Tx Ec/N0 [dB]
	Throughput 

[Mbps]
	Channel 

estimation
	Filter PCI

Comp

	No TxD
	N/A
	N/A
	5.48
	N/A
	N/A

	(0.5 0.5 0.5)(0.5 0.5 0.5)
	-0.10
	2.30
	5.48
	Rotate
	Yes

	(0.5 0.5 0.5)(0.5 0.5 0.5)
	-7.66
	-5.26
	5.48
	Ignore
	Yes

	(0 1 1)(1 0 0)
	-0.45
	1.95
	5.48
	Reset
	Yes

	(1 1 1)(1 0 0)
	0.23
	2.63
	5.48
	Reset
	No

	(1 1 1)(0.5 0 0)
	0.21
	2.61
	5.48
	Reset
	No

	(1 1 1)(0.5 0.5 0.5)
	0.23
	2.63
	5.48
	Reset
	No

	(1 1 1)(0.5 0.5 0.5)
	0.17
	2.57
	5.48
	Rotate
	No

	(1 1 1)(0.5 0.5 0.5)
	0.24
	2.64
	5.48
	Reset
	Yes

	(1 1 1)(0.25 0 0)
	0.19
	2.59
	5.48
	Reset
	No

	(1 1 1)(0.25 0.25 0.25)
	0.21
	2.61
	5.48
	Reset
	No

	(1 1 1)(0.25 0.25 0.25)
	0.23
	2.63
	5.48
	Rotate
	No

	(1 1 1)(0.25 0.25 0.25)
	0.20
	2.60
	5.48
	Reset
	Yes

	(0.75 1 1)(0.25 0 0)
	0.18
	2.58
	5.48
	Reset
	No

	(0.75 0.75 0.75)(0.25 0 0)
	0.04
	2.44
	5.48
	Reset
	No

	(0.75 0.75 0.75)(0.25 0.25 0.25)
	0.10
	2.50
	5.48
	Reset
	No

	(0.75 0.75 0.75)(0.25 0.25 0.25)
	0.10
	2.50
	5.48
	Rotate
	No

	(0.75 0.75 0.75)(0.25 0.25 0.25)
	0.05
	2.45
	5.48
	Reset
	Yes


Table 3: Different transmit diversity modes for a VA30 channel when an LMMSE receiver is used at the Node-B. Practical channel estimates, 4 phases and a PCI delay equal to 1 slot is used.

	VA30, TxCorr 0,


	Mean

Rx Ec/N0 [dB]
	Mean

Tx Ec/N0 [dB]
	Throughput 

[kbps]
	Channel 

estimation
	Filter PCI

Comp

	No TxD
	N/A
	N/A
	400.7
	N/A
	N/A

	(0.5 0.5 0.5)(0.5 0.5 0.5)
	-1.40
	-1.10
	436.7
	Rotate
	Yes

	(0 1 1)(1 0 0)
	-0.92
	-0.83
	426.7
	Reset
	Yes

	(1 1 1)(1 0 0)
	-0.29
	0.03
	412.1
	Reset
	No

	(1 1 1)(0.5 0 0)
	-0.28
	0.07
	414.4
	Reset
	No

	(1 1 1)(0.5 0.5 0.5)
	-0.30
	0.10
	408.5
	Reset
	No

	(1 1 1)(0.5 0.5 0.5)
	-0.28
	0.11
	412.1
	Rotate
	No

	(1 1 1)(0.5 0.5 0.5)
	-0.31
	0.00
	412.4
	Reset
	Yes

	(1 1 1)(0.25 0 0)
	-0.32
	0.08
	416.7
	Reset
	No

	(1 1 1)(0.25 0.25 0.25)
	-0.39
	0.06
	419.0
	Reset
	No

	(1 1 1)(0.25 0.25 0.25)
	-0.19
	0.25
	406.8
	Rotate
	No

	(1 1 1)(0.25 0.25 0.25)
	-0.32
	0.01
	415.9
	Reset
	Yes

	(0.75 1 1)(0.25 0 0)
	-0.45
	-0.06
	420.1
	Reset
	No


From the simulation results presented in it is apparent that the DPCCH overhead can be reduced by transmitting the S-DPCCH at a lower transmit power. 
Proposal 3: It will be possible to transmit S-DPCCH with a power offset 
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 (with respect to the transmit power of the P-DPCCH). The power offset could be controlled by the S-RNC.

We could also notice that the possibility to also gate the S-DPCCH does not provide any additional gains in reduced terms UE transmit power.
 However, the main advantage with a solution where the S-DPCCH could be gated would allow the Node-B to use its hardware resources more efficiently. For example, if the S-DPCCH only needs to be transmitted once power frame (e.g., in one sub-frame) the increase in hardware resources that needs to be allocated to DPCCH would be 20 percent (1+1/5) compared to a legacy UE. If the UE always transmit the S-DPCCH the increase in Node-B hardware resource is 100%.
Proposal 4: Agree that it is possible to gate the S-DPCCH. Details of gating patterns are FFS. 
One alternative for gating patterns would be to use the already defined DTX patterns. This would minimize the impact on specifications as well as ensure that both the P-DPCCH and the S-DPCCH are transmitted simultaneously in case CPC is configured and the UE does not have any data.

Furthermore, if the F-DPCH is used also for carrying PCI feedback and certain slots contains PCI information instead of TPC commands some care needs to be taken so that a UE in CPC is able to receive both PCI and TPC feedback.
3 Conclusions
This contribution has discussed the different design choices associated with channel sounding for closed loop transmit diversity for HSUPA. The following proposals were presented: 

Proposal 1: Agree that the P-DPCCH reuses existing slot formats.
Proposal 2: The slot format used for S-DPCCH is FFS.
Proposal 3: It will be possible to transmit S-DPCCH with a power offset 
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 (with respect to the transmit power of the P-DPCCH). The power offset could be controlled by the S-RNC.
Proposal 4: Agree that it is possible to gate the S-DPCCH. Details of gating patterns are FFS. 
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5 Appendix A – Simulation Assumptions

Table 4
Link simulation parameters.

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 4

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Path searcher
	Ideal

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON – TA_Target = 4

	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
	PA0.1, PA3, VA30

	NodeB Receiver Type
	MMSE Receiver, 2 Rx antennas

	Antenna Imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF
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� This is intuitive since what should matter for channel sounding is in principle the total amount of energy (associated with the S-DPCCH) that the serving Node-B could use. Whether this energy is received in one slot or whether it is received multiple slots is of less importance.
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