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1. Introduction

Pilot design and channel sounding for UL CLTD was discussed in RAN1#64 meeting. It was proposed to introduce a new slot format for S-DPCCH in [1], and it was indicated in [2] that there was possible to reduce the power of S-DPCCH or gate the S-DPCCH.
We discuss pilot slot format design and channel sounding strategies in this contribution. 
2. Discussion
2.1 Pilot design of S-DPCCH 
Generally, there are 2 potential schemes for pilot design of S-DPCCH:

· Scheme 1: Reuse existing slot formats for S-DPCCH as for DPCCH.
· Scheme 2: Introduce a new slot format for S-DPCCH with all pilot bits in one slot.
It was argued that it could benefit from power saving to apply the new slot format with 10-bit pilot for S-DPCCH, as more pilots are used for channel estimation. However, the power saved from the new slot format is actually quite small. An example of transmit power gain is shown as below.
Example: 
The transmit Ec/N0 can be calculated as, 
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Wherein, 
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are quantized amplitude ratio of E-DPDCH, E-DPCCH, HS-DPCCH and S-DPCCH over DPCCH. 

For the model FRC3: 
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For 8bit and 10bit pilot S-DPCCH,  
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Then, we can calculate the gain of 10-bit pilot over 8-bit pilot S-DPCCH scheme:


[image: image10.wmf]dB

No

Ec

No

Ec

Gain

pilot

bit

pilot

bit

054

.

0

10

log

*

10

10

log

*

10

10

8

=

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

=


Hence, as the example indicated, the gain is not large enough to introduce a new slot format for S-DPCCH. 
It may also be argued that 10-bit pilot would benefit for the channel estimation. However, we should note that, the DPCCH is still using 8-bit pilot or less, and the accuracy of channel estimation, which is utilized for data channel demodulation, is mostly determined by the DPCCH. Furthermore, the TPC bits can also be transmitted on the S-DPCCH and in consequence soft combine can be applied for TPC decoding. Hence, we propose that,
Proposal 1: Reuse existing DPCCH slot formats for S-DPCCH.
Proposal 2: Transmit S-DPCCH with the same slot format used for DPCCH.
2.2 Transmission of DPCCH pilots
Channel sounding strategies for CLTD was discussed in [2], and the schematic illustration was shown as Figure 1
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Figure 1: Schematic illustration of S-DPCCH transmission with gating and a relative power offset
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It indicates that DPCCH is always transmitted, while the S-DPCCH is only transmitted occasionally with a relative power offset
[image: image13.wmf]l

to DPCCH for channel sounding purposes. 

We made similar study on channel sounding strategies for CLTD. The assumptions are listed in Table 3 in the Appendix. The simulation results are shown in Table 1. The parenthesis in the 1st column expresses how much power that is used in each slot relative to DPCCH. For instance, the notation (1 1 1)(0 0 0.25) corresponds to the setting that DPCCH is transmitted in each slot with a transmit power PDPCCH whereas the S-PDCCH is transmitted every third slot and when transmissions occur it is transmitted at a transmit power level PS-DPCCH=0.25PDPCCH. (i.e.
[image: image14.wmf]l

=0.25).
The simulation results are shown in Table 1 and Table 2. Channel synthesis is used for compensation of phase discontinuity when S-DPCCH gating is not applied, whereas if S-DPCCH gating is applied, channel synthesis cannot be used since S-DPCCH does not always exist. PCI update rate actually reflects two S-DPCCH gating pattern, 3-slot and 2-slot.
Table 1 Gain of channel sounding for CLTD on PA3 channel, PCI update rate = 3 slots
	
	Gain Mean

Rx Ec/N0 [dB]
	Gain Mean

Tx Ec/N0 [dB]

	(1 1 1)(1 1 1)*
	N/A
	N/A 

	(1 1 1)(0.5 0.5 0.5)
	-0.3
	-0.3

	(1 1 1)(0.25 0.25 0.25)
	-0.8
	-0.8

	(1 1 1)(0 0 1)
	-0.55
	-0.5

	(1 1 1)(0 0 0.5)
	-0.4
	-0.4

	(1 1 1)(0 0 0.25)
	-0.38
	-0.38


Table 2 Gain of channel sounding for CLTD on PA3 channel, PCI update rate = 2 slots
	
	Gain Mean

Rx Ec/N0 [dB]
	Gain Mean

Tx Ec/N0 [dB]

	(1 1)(1 1)*
	N/A
	N/A 

	(1 1)( 0.5 0.5)
	-0.15
	-0.3

	(1 1)( 0.25 0.25)
	-0.42
	-0.82

	(1 1)( 0 1)
	-0.7
	-0.78

	(1 1)( 0 0.5)
	-0.5
	-0.59

	(1 1)( 0 0.25)
	-0.4
	-0.4


Noted that, we use (1 1 1)(1 1 1) or (1 1)(1 1) strategy as baseline for calculating the gain. 
From the simulation results presented above, we do not see any gain by gating or reducing the power offset of S-DPCCH comparing with the baseline. Hence, we propose,
Proposal 3: 

 REF _Ref291497425 \h 
 \* MERGEFORMAT S-DPCCH gating shall not be introduced.
Proposal 4: Transmit S-DPCCH with the same power as DPCCH.
3. Conclusion
Analysis on pilot slot format design for UL CLTD was presented in this contribution. No obvious gain is observed and expected by the introduction of a new slot format for S-DPCCH. Also, the S-DPCCH gating strategies and lower power offset seem not to bring clear advantage. In summary, we make the following proposals:
Proposal 1: Reuse existing DPCCH slot formats for S-DPCCH. 

Proposal 2: Transmit S-DPCCH with the same slot format used for DPCCH.
Proposal 3: S-DPCCH gating shall not be introduced.
Proposal 4: Transmit S-DPCCH with the same power as DPCCH.
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5. Appendix
The channels structure of UL CLTD transmitting is shown in Figure 2. And the simulation parameters are listed in Table 3.
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Figure 2: The pre-coded pilot channel structure for UL CLTD
Table 3  Link simulation parameters
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	TBS2020: QPSK

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

	20*log10(βed/βc) [dB]
	TBS2020: 9

	20*log10(βec/βc) [dB]
	TBS2020: 2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0, -3, -6

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

	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)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	channel synthesis

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

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

	UL TPC Error Rate (sent on F-DPCH)
	Ideal

	Propagation Channel
	PA3

	NodeB Receiver Type
	TBS2020: RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4

	CLTD Feedback Error Rate
	Ideal

	CLTD Feedback Update Rate
	3 slots, 2 slots

	CLTD Feedback Delay
	1 slot 


Used for generating pre-coding weights
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