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1
Introduction

In uplink closed loop transmit diversity (CLTD), channel sounding is performed to estimate the beamforming phase that is to be applied at the UE. The beamforming phase is feedback to the UE in the form of PCI. 
Chanel sounding is performed at least once every PCI update rate. For accurate channel sounding, it is essential to have adequate channel estimation. One of the aspects of channel sounding is the gating of the secondary pilot te corresponding impact on the channel estimate. In this document, we analyze different gating patterns and evaluate the relative degradation in performance. We also consider increasing the S-DPCCH/DPCCH offset to compensate for this loss in performance. 
2
S-DPCCH Gating
It has been suggested [1] that gating of the S-DPCCH may reduce the amount of overhead due to the secondary pilot in CLTD. It is also mentioned that not transmitting the S-DPCCH in some slots may help conserve some hardware resources at the NodeB. In the following sections we quantify the performance of CLTD when gating is applied to the secondary pilot.

For all the simulations conducted, it was assumed that precoded pilots as defined in [2] were used as the pilot structure. Additionally, it is also assumed that enhanced symmetric beamforming is applied to compensate for phase discontinuity effects at the NodeB. Additional details on enhanced symmetric beamforming can be found in [3].

The gating pattern can be specified as (M, N), where M is duration of the S-DPCCH burst and N is the total period of the gating pattern. An example of gating pattern (1, 3) is shown in Figure 1.
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Figure 1: Block diagram showing Gating pattern (1,3)

The following gating patterns have been evaluated by link simulations:

· (1, 3)

· (2, 3)

· (2, 4)

· (3, 6)

Note that, in all the cases, the primary pilot channel (DPCCH) is assumed to be transmitted continuously. 

2.1
Receiver Processing

Channel sounding is performed at the NodeB in order to estimate the underlying physical channel. This is done so as to determine the beamforming phase that is to be applied at the UE. The phase is then transmitted as the PCI feedback. In the simulations conducted below, it is assumed that the update rate for the transmission of the PCI feedback is 1 TTI (3 slots). 

DPCCH Processing

Since the PCI feedback update rate is 3 slots, the received precoded DPCCH is simply averaged over 3 slots. This averaging is performed prior to removal of the precoding and takes advantage of the fact that the precoding does not change over the duration of a TTI.
S-DPCCH Processing
The secondary pilot (S-DPCCH), if present, is also averaged over the duration of 1 TTI. Note that the S-DPCCH may not be transmitted on all the 3 slots of the averaging. In such case, the averaging is performed over the slots in which the S-DPCCH is known to be transmitted. For example, when the gating pattern is (1, 3) – one slot average is performed since the S-DPCCH is transmitted on 1 out of the 3 slots. When the gating pattern is (2, 3), then the S-DPCCH is averaged over 2 slots every TTI, and so on. If the S-DPCCH is completely absent in a TTI, the last known estimate of the S-DPCCH is applied. 

The processing of the S-DPCCH requires that the NodeB be completely aware of the gating pattern of the S-DPCCH. Since such processing is dependent on this knowledge, dynamic modifications of the S-DPCCH gating patterns may present some practical difficulties. 

Channel Sounding
Once virtual channel estimates have been computed, the underlying physical channel is estimated by removing the precoding that was applied. This can be done by simply multiplying the channel matrix with the conjugate transpose of the precoding matrix. 

Since the update rate is once per TTI, this operation is performed once every TTI and the computed PCI is transmitted as feedback to the UE.

Impact of 
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- S-DPCCH/DPCCH
Since the S-DPCCH is transmitted according to the gating pattern applied, the channel estimate of the secondary pilot may suffer. To compensate for this loss, the power offset ratio of the S-DPCCH to the DPCCH may be increased. However, increasing the power offset of the S-DPCCH may increase the transmit power overhead due to the S-DPCCH. We consider a range of S-DPCCH/DPCCH power offsets to evaluate this tradeoff.
3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the RAN1 agreements that were made in [4]. 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 1. 

Table 1: CLTD specific link level simulation assumptions 
	Parameter
	Value

	Compensation of phase discontinuity
	Enhanced Symmetric Beamforming

	PCI Codebook
	2bit phase only

	CLTD Feedback Type
	Direct Feedback

	CLTD Feedback Error Rate
	2 %

	CLTD Feedback Update Rate
	Once per TTI

	CLTD Feedback Delay
	3 slots

	Channel estimation for beam selection
	Causal 3-slot average (if present)

	S-DPCCH/DPCCH 
	-6db to 3dB

	S-DPCCH Gating Patterns
	(1, 3)

(2, 3)

(2, 4)

(3, 6)


4
Link 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) 

Figures 2-3 show the Tx and Rx gains for different gating patterns as the S-DPCCH/DPCCH offset is varied for the PA3 channel.

Figures 4-5 show the Tx and Rx gains for different gating patterns as the S-DPCCH/DPCCH offset is varied for the PB3 channel.

Figures 6-7 show the Tx and Rx gains for different gating patterns as the S-DPCCH/DPCCH offset is varied for the VA30 channel.
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Figure 2: Tx Ec/No gains for various S-DPCCH gating patterns as a function of 
[image: image4.wmf]a

; PA3 channel
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Figure 3: Rx Ec/No gains for various S-DPCCH gating patterns as a function of 
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; PA3 channel
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Figure 4: Tx Ec/No gains for various S-DPCCH gating patterns as a function of 
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; PB3 channel
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Figure 5: Rx Ec/No gains for various S-DPCCH gating patterns as a function of 
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; PB3 channel
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Figure 6: Tx Ec/No gains for various S-DPCCH gating patterns as a function of 
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; VA30 channel
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Figure 7: Rx Ec/No gains for various S-DPCCH gating patterns as a function of 
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; VA30 channel


Observations

The following observations can be made from Figures 2-7
· The Tx gains vary as the S-DPCCH/DPCCH increases even when no gating is applied. In this case, 
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= -3dB is seen to be the best choice. 
· For all the channels and gating patterns considered, (2,3) has the best performance since the channel estimate has 2 slot averaging. This pattern resembles no gating the closest among the schemes considered. The loss in slow fading channels is around 0.1dB and is around 0.2dB in fast fading channels. The Rx loss is comparable to the no gating scheme.
· For all the channels and gating patterns considered, (1,3) has the worst performance. The channel estimate quality suffers and even boosting the S-DPCCH/DPCCH ratio does not recover the loss and impacts the Tx overhead. The loss in performance due to (1, 3) as compared to the no-gating scheme is around 0.3-04dB.
· Gating patterns (2, 4) and (3, 6) have losses of around 0.3dB. 

· For each gating scheme, the best performance is obtained when 
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is increased as compared with the no gating scheme. This compensation does not recover the loss incurred but creased additional overhead.
Based on the results obtained and the observations made, we propose the following

Proposal 1:  The S-DPCCH/DPCCH power offset is configured by the network and signalled to the UE.
The loss in performance due to the gating cannot be adequately compensated by the increase of the power offset without incurring additional Tx overhead. Therefore, it is questionable whether there is an effective gain in allowing for S-DCCH gating. It is necessary to understand the other benefits of gating before a determination can be made. If it can be shown that gating does provide substantial benefits, then from the results seen above it is seen that (2, 3) has the least impact and should be considered as a baseline for evaluation of additional gating schemes.

The motivation of S-DPCCH gating needs to be investigated. The benefits of this feature need to be quantified as a function of the duty cycle. If gating patterns are deemed to be necessary, then (2, 3) should be considered as the working assumption.
5
Conclusions

S-DPCCH gating patterns were investigated. Four gating patterns were simulated and the results presented as a function of the S-DPCCH/DPCCH power offset. It is shown that the power offset has an appreciable impact on CLTD performance. Therefore it is considered that this power offset should be configured by the network.

Proposal 1:  The S-DPCCH/DPCCH power offset is configured by the network and signalled to the UE.

Among the gating patterns simulated, (2, 3) has the best performance. However, there is still a loss of around 0.1–0.2dB incurred seen by the application of gating. The loss seen in other schemes is higher which negates any advantages. Before, converging on whether gating is useful, it is necessary to understand the benefits of gating. Therefore, te following is proposed.
Proposal 2: The motivation of S-DPCCH gating needs to be investigated. The benefits of this feature need to be quantified as a function of the duty cycle. If gating patterns are deemed to be necessary, then (2, 3) should be considered as the working assumption.
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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, PB3, 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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