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1. Introduction

In the previous meetings, the feedback methods from NodeB to UE were discussed. Two different kinds of schemes, absolute or recursive feedback, were provided and evaluated. In this contribution, we also give some simulation results about feedback methods of closed loop uplink transmit diversity.
2. Discussion
NodeB uses the DPCCH and S-DPCCH transmitted from antenna 1&2 to calculate the phase adjustment and feed back to UE, in order to maximize the received SNR. Feedback process determines number of feedback bits and also influences on the precoding operation in UE. 
Absolute feedback (DL MIMO) or recursive feedback (DL CLTD-1) are separately specified in [3] and this two options were also discussed in [2]. Recursive feedback is to utilize the received phases over 2 consecutive slots, as is done for DL CLTD 1 transmit diversity. Absolute feedback is to directly inform the phase.
2.1
Absolute Feedback
The absolute feedback always follows this general procedure:

The NodeB determines a preferred primary precoding weight matrix vector
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, and signals this precoding weight to the UE. UE decides the real weight and applied on E-DPDCH and other control channels. 
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. The optimum precoding is taken from the adjust phases set.
The following give 2 bit absolute feedback examples. 
If the size of adjust phases set is 4, it needs 2 bit absolute feedback
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2.2
Recursive Feedback

DL CLTD-1 feedback algorithm is a kind of recursive feedback operation, which can be divided into these steps [3]:

Step1: NodeB calculates the optimum phase adjustment for antenna 2 each slot based on received pilots. Get quantized 
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, which is differed with even slot and odd slot;
Step2: NodeB signals this phase adjustment to UE;
Step3: UE gets phase adjustments, (i, corresponding to feedback commands for the slots i given formula.

The following also gives two examples of recursive feedback. 
If the size of adjust phases set is 4, it needs 1 bit feedback
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, so for antenna 1 w1 is constant: 
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NodeB calculates the optimum phase adjustment ( and get quantized
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, and signals this phase adjustment through 1bit feedback to UE
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where:
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UE get phase adjustments, (i, corresponding to feedback commands for the slots i according to the following formula.

Table 1: Phase adjustments, (i, corresponding to 1bit feedback command for the slots i 
	Slot #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	FSM
	0
	0
	(/2
	0
	(/2
	0
	(/2
	0
	(/2
	0
	(/2
	0
	(/2
	0
	(/2
	0

	
	1
	(
	-(/2
	(
	-(/2
	(
	-(/2
	(
	-(/2
	(
	-(/2
	(
	-(/2
	(
	-(/2
	(


The weight w2 is then calculated by averaging the received phases over 2 consecutive slots. Algorithmically, w2 is calculated as follows:
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3. Simulation Assumptions and Results
Table 3 shows the assumptions that used in the simulations conducted. Channel synthesis is applied in this simulation.
Table 3 link level simulation parameters
	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]
	0

	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
	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, VA30

	NodeB Receiver Type
	RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4

	CLTD Feedback Error Rate
	[0，0.02，0.04，0.1]

	CLTD Feedback Update Rate
	1 slot

	CLTD Feedback Delay
	1 slot


Note: PCI error rate is the error rate of one precoding codeword.
Following tables show the performance of absolute and recursive feedback described above.
Table 4: Tx Ec/No and Rx Ec/No gains for absolute feedback and recursive feedback schemes for CLTD in PA3 channel
	PCI error rate
	0
	0.02
	0.04
	0.1

	Absolute feedback
	Rx Gain[dB]
	-0.11
	-0.3
	-0.43
	-1.6

	
	Tx Gain[dB]
	2.28
	2.12
	1.95
	0.8

	Recursive feedback
	Rx Gain[dB]
	-0.16
	-0.43
	-0.97
	-2.72

	
	Tx Gain[dB]
	2.22
	1.98
	1.4
	-1.59


Table 5: Tx Ec/No and Rx Ec/No gains for absolute feedback and recursive feedback schemes for CLTD in VA30 channel
	PCI error rate
	0
	0.02
	0.04
	0.1

	Absolute feedback
	Rx Gain[dB]
	-0.05
	-0.14
	-0.27
	-1.25

	
	Tx Gain[dB]
	1.1
	0.99
	0.85
	-0.18

	Recursive feedback
	Rx Gain[dB]
	-0.12
	-0.27
	-0.77
	-2.84

	
	Tx Gain[dB]
	1
	0.82
	0.28
	-1.85


Table 4 and Table 5 show the relative performance gain (as compared to single Tx antenna scheme). From the tables we can observe:

· The Tx gains are higher for absolute feedback than recursive feedback in both the PA3 and the VA30 channels given the same PCI error rate. The reason probably is that recursive feedback divides the codebook into even slot codebook and odd slot codebook. This means in a slot only half of the phase set to choose and applied in beamforming, which will decrease the diversity performance. In absolute feedback method, it can choose the phase in the whole codebook set in one slot, therefore, more gains can be achieved over recursive feedback.  
· With the increase of PCI error rate, recursive feedback gains obviously reduced. Since recursive feedback using the former slot phase adjustment and the recent feedback phase to generate the really phase adjustment of this slot, one PCI error will affect the several consecutive slots. Meanwhile, PCI error in absolute feedback only impacts on this adjust circle. 
4. Conclusion
This contribution provides some simulation results and considerations of absolute and recursive feedback schemes in UL CLTD. The results showed that absolute feedback scheme has better gains over recursive scheme.
References

[1] RP-101438, “WI proposal: Uplink Transmit Diversity for HSPA”
[2] R1-110658, “Link Analysis of PCI Codebook design for UL CLTD: Comparison of Direct and Recursive schemes”, Qualcomm Incorporated
[3] 3GPP TS 25.214, “Physical layer procedures (FDD)”
_1359293366.unknown

_1359293376.unknown

_1359293379.unknown

_1363790516.unknown

_1359293372.unknown

_1358875008.unknown

_1359112637.unknown

_1359115003.unknown

_1023866714.unknown

_1358874494.unknown

_1020586081.unknown

_1023866619.unknown

_1020409447.unknown

