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1
Introduction

In the previous RAN1 meeting, it was concluded that DPCCH slot format1 would be used for the S-DPCCH. It is noted that:

·  S-DPCCH slot format based on DPCCH slot format 1: 

· 8 pilot bits, using DPCCH pilot sequence

· Use of remaining 2 bits FFS (but not DTX for part of the slot)
In this contribution, we evaluate the reliability of the transmission of the two remaining bits on the S-DPCCH channel especially since the secondary pilot could be transmitted at a lower power and on the weaker eigen mode. Based on link level simulations, we conclude that if the bits could be retransmitted over many slots and the LLRs are combined/filtered over many slots, then target reliability in terms of the bit error rate could be achieved.

2
Discussion
The agreed slot format in the previous meeting for the secondary pilot was DPCCH slot format 1. In this format, there are 8 pilot bits and 2 bits that are reserved. There have been some suggestions about possible ways in which these bits could be used in [1]. 

However, since the precoded pilot architecture is used for CLTD operation, the S-DPCCH is transmitted on the weaker eigen mode. The primary DPCCH is transmitted on the stronger eigen mode with the precoding vector 
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 along with all the overhead and data channels. The secondary DPCCH is transmitted on the weaker eigen mode with the precoding vector
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. The fingers for S-DPCCH have the same timing as the fingers of DPCCH.
It is expected that the received SNR of the secondary pilot be significantly lower than that of the primary pilot. This is shown in Table 1. 

Table 1: Comparison of primary and secondary SNRs at the receiver
	TBS 2020; T/P=9dB
	Ecp/Noprimary [dB]
	Ecp/Nosecondary [dB]

	PA3
	-18.50
	-24.54

	VA30
	-17.07
	-20.82


It can be seen from Table 1 that the S-DPCCH SNR at the NodeB is significantly worse especially for the PA3 channel. It should be noted also that the S-DPCCH is transmitted at a lower power level (-3dB) as compared to the primary DPCCH. Therefore, there are some concerns about whether the 2 bits on the S-DPCCH can be reliably received. In this contribution, we perform link level simulations to analyze this reliability. One of the ways to improve reliability is to combine (or filter) the LLR’s that are generated by the S-DPCCH bits. The results from the link simulations are shown in the subsequent sections.
3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the RAN1 agreements that were made in [2]. They are repeated in Annex A. The power delay profiles of the simulated channels and the associated finger allocations are shown in Annex B. The assumptions that specifically pertain to the simulation of CLTD are shown in Table 2. 

Table 2: CLTD specific link level simulation assumptions 
	Parameter
	Value

	S-DPCCH/DPCCH Ratio [dB]
	-3dB

	Compensation of phase discontinuity
	Channel Synthesis

	PCI Codebook
	2bit phase only

	CLTD Feedback Type
	Direct Feedback

	CLTD Feedback Error Rate [%]
	[ 0 2]

	CLTD Feedback Update Rate
	3

	CLTD Feedback Delay
	Various

	Channel estimation for beam selection
	Cumulative: up to 4-slot with filter weights

[0.4 0.3 0.2 0.1]


3.1
S-DPCCH Receiver
A rake receiver is used for the S-DPCCH channel with a one slot channel estimate. The fingers are combined using maximum ratio combining. The noise estimate is the same as that used for the primary DPCCH. After the LLR’s are computed, they are combined over various slots and TTIs. The results are shown in the next section.
4
Simulation Results
The performance metrics that are shown are computed as follows:

· Rx gain = (Rx Ec/No with single Tx antenna) – (Rx Ec/No with Tx diversity) 

· Tx gain =(Tx Ec/No with single Tx antenna) – (Tx Ec/No with Tx diversity) 

The bit error rate for the bits transmitted on the S-DPCCH is shown in the figures below. There are two schemes considered:

· A single information bit repeated and transmitted.

· Two information bits are transmitted without repetition.

Figures 1-2 show bit error rate of single information bit that is repeated for the PA3 and VA30 channels.

Figures 3-4 show bit error rate of the two information bits that are transmitted without repetition for the PA3 and VA30 channels. In this case, an error is recorded even if one of the two bits is in error.
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Figure 1: BER for single S-DPCCH bit; PA3 channel
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Figure 2: BER for single S-DPCCH bit; VA30 channel
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Figure 3: BER for two S-DPCCH bits; PA3 channel
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Figure 4: BER for two S-DPCCH bits; VA30 channel


Observations
From Figures 1-4, we can make the following observations:

· The BER is lower in the VA30 channel as compared to the PA3 channel. This is because of the better diversity properties of the vehicular channel.

· The BER when two separate bits are transmitted is higher than the case when a single bit is repeated as expected. If a target BER is desired, say 1%, then the bits need to be combined across multiple slots in order to be received reliably.
· If a single bit transmitted, then it can be received reliably if combined over 12 slots. If two bits are transmitted, then the bits are to be combined over 28 slots to achieve a target BER of 1% 

From the results and observations, it is considered that reliable decoding of the bits transmitted over the S-DPCCH is possible as long as they are combined (or filtered) over a sufficient length. The UE would have to retransmit these bits over a suitably long duration for effective reception. This period over which the bits are to be repeated may be signalled to the UE. 
The purpose of the bits that are to be transmitted can be considered further. It has been suggested that they could represent the quality of the PCI feedback bits on the downlink. In this case, “1” could indicate that the power levels should be increased on the PCI feedback channel where as “-1” could indicate that the power levels could be decreased. However, a target SNR of the PCI feedback channel would then need to be signalled to the UE as well so that the S-DPCCH bit values could be ascertained and the benefits of such a scheme would need to be evaluated further. If two separate bits are transmitted, then the UE is capable of transmitting 4 bits of information. Therefore, further consideration is needed to determine the purpose of these bits.
5
Conclusions

In this contribution, link simulations were conducted to evaluate the reliability of bits transmitted on the S-DPCCH channel using slot format 1. It is observed that a target bit error rate can be obtained if the bits are combined over 12 slots if a single bit is transmitted whereas the bits need to be combined over 28 bits if two bits are transmitted. Further consideration is required to determine the purpose of these bits.
6
References

[1] R1-111752 , “On the quality of PCI feedback in CLTD”, Ericsson, ST-Ericsson
[2] R1-110602, “Link-level simulation assumptions for UL CLTD for HSPA”, Huawei, HiSilicon, Qualcomm Incorporated, Alcatel Lucent, Alcatel Lucent Shanghai Bell, Nokia Siemens Networks, Nokia, Ericsson, ST-Ericsson
Annex A

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

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

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	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 for data demodulation
	Non-causal 4-slot with filter weights 
[0.4 0.3 0.2 0.1]

	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)
	4 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


Annex B

The multipath channel delay profiles and associated finger allocations are shown below for:

ITU Pedestrian A Speed 3km/h (PA3)
	Relative Mean Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Relative Delay [ns]
	0
	110
	190
	410

	Relative Delay [Tc/8]
	0
	3
	6
	13

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	Not Assigned
	Not Assigned


ITU Vehicular A Speed 30km/h (VA30)
	Relative Mean Power [dB]
	0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0

	Relative Delay [ns]
	0
	310
	710
	1090
	1730
	2510

	Relative Delay [Tc/8]
	0
	10
	22
	33
	53
	77

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	10
	22
	33
	Not Assigned
	Not Assigned
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