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1. Introduction

In the previous meetings, the feedback methods from NodeB to UE were discussed. And some agreements were achieved as the following:

· Feedback update rate

· Physical layer supports 3-slot update rate

· FFS whether any special behaviour (e.g. faster update rate) is needed for CPC

· FFS between recursive/absolute feedback. 

· FFS whether RRC-based reduction of the update rate is supported

· Codebook contains only phase components

· Antenna selection is supported, but not within the codebook

· Codebook size 4

Which type of feedback schemes to be used, absolute or recursive, is one open issue to be discussed. The recursive feedback is to utilize the received phases over 2 consecutive slots, as is done for DL CLTD (recursive feedback scheme1). Another recursive feedback was suggested in [3] (recursive feedback scheme2.) We have provided simulation results and considerations for recursive feedback scheme1 in [2]. In this contribution, analysis, simulation results and comparisons are provided for closed loop uplink transmit diversity recursive feedback scheme2 and for the absolute feedback scheme.
2. Discussion
The analysis of absolute feedback scheme and recursive feedback scheme are based on the above agreements. 
The NodeB determines a preferred primary precoding weight matrix vector
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, and signals this precoding weight matrix to the UE. The UE decides the real weight and applies it on E-DPDCH and other control channels. 
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are the normalized amplitudes such that
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. The optimum precoding is taken from the adjust phases set.
When the size of adjust phases set is 4, which needs 2 bit absolute feedback, 
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Figure 1: Index of 
[image: image9.wmf]2

q

 to codeword
So 2 bits are used to feedback 
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 which is also called PCI information to the UE. The difference between the absolute feedback scheme and the recursive feedback scheme2 is the process of beamforming phase determination.
2.1
Absolute Feedback
The absolute feedback and beamforming phase determination follow this general procedure. 2 bits of PCI are transmitted in 2 consecutive slots. The UE gets the final PCI after receiving the total 2 PCI bits. The delay in this example is 2slot.    
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Figure 2: Absolute feedback scheme
2.2 Recursive Feedback

In the recursive feedback process, the UE calculates the PCI as the first slot PCI bit arrived using the former applied beamforming weight. UE gradually refines its beamforming weight as the second PCI bit is received, and then holds it in the third slot. One example is given in Figure 3.
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Figure 3: Recursive feedback scheme 2
The NodeB feedbacks ‘01’ in the first TTI. The UE receives bit ‘0’ at slot n, which means the possible BF weights can be {0, 1}. The UE does not have the previous beamforming weight information, and it shall use the initial phase W=0. So the UE estimates W=0 in slot n. In slot n+1, the UE receives full PCI information and the final weight is W=1. In slot n+2, the beamforming weight is the same as that of slot n+1. In slot n+3, the UE received bit ‘0’. Since the weight closest to the previously applied and known weight (W=1) is W=1, so the selected weight in slot n+3 is W=1. The same algorithm is applied in all slots.
From Figure 2 and Figure 3, it can be seen that when the codebook size is 4, recursive feedback scheme 2 can only save 1 slot every feedback circle, because a final PCI can be received in the second slot for the recursive scheme and the absolute feedback scheme2. While the feedback delay in the absolute method is 2 slots, the recursive scheme delay can be 1 slot. However, an estimated PCI value was used, which may be inaccurate. From Table 1, it can be noticed that the error rate of beamforming weight in the first slot of a feedback circle can be up to 50% if every weight is equally likely. So the point is which scheme can get more gain, one slot delay or an estimated beamforming phase.

Table 1 Error condition of beamforming weight with recursive feedback in the first slot
	Current PCI
	Previous PCI

	Total feedback bit
	First feedback bit
	00
	01
	10
	11

	00
	0
	00
	01
	01
	01

	01
	0
	00
	01
	01
	01

	10
	1
	10
	10
	10
	11

	11
	1
	10
	10
	10
	11


Another point is that the beamforming weight of recursive feedback scheme 2 is changed in a TTI circle, which will not be compatible with UL MIMO. 
3. Simulation Assumptions and Results
Table 1 shows the assumptions that are 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
	[0，0.02，0.04，0.06]

	CLTD Feedback Update Rate
	3 slot

	CLTD Feedback Delay
	Absolute feedback: 2 slot
Recursive feedback: 1slot


Note: PCI error rate is the error rate of one bit. 
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
	0.06

	Absolute feedback
	Rx Gain[dB]
	-0.09
	-0.4
	-0.43
	-0.72

	
	Tx Gain[dB]
	2.11
	1.76
	1.63
	1.28

	Recursive feedback
	Rx Gain[dB]
	-0.15
	-0.37
	-0.53
	-0.75

	
	Tx Gain[dB]
	2.0
	1.75
	1.47
	1.2


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
	0.06

	Absolute feedback
	Rx Gain[dB]
	-0.44
	-0.47
	-0.54
	-0.58

	
	Tx Gain[dB]
	0.21
	0.16
	0.06
	-0.01

	Recursive feedback
	Rx Gain[dB]
	-0.41
	-0.54
	-0.6
	-0.63

	
	Tx Gain[dB]
	0.16
	0.02
	-0.08
	-0.12


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 the absolute feedback scheme than the recursive feedback scheme2 for both PA3 and VA30 channels given the same PCI error rate. The reason is probably that the recursive feedback scheme2 can save 1 slot delay every PCI feedback circle, however in this slot an estimated PCI value was used, whose error rate can be up to 50%. This will decrease the diversity performance. In the absolute feedback method, it does have 1 more slot delay than the recursive feedback scheme2, but in this slot it keeps on using the same weight as the previous TTI. From the simulation results more gain can be achieved by the absolute feedback scheme.  

· With the increase of PCI error rate, the recursive feedback gains increase a little compared with the absolute feedback gains. Since when one PCI error occurs, the recursive feedback scheme using the former slot phase adjustment and the recent feedback bit to estimate a phase adjustment may not be affected with this error. But the other two slots will be changed to the error PCI, which is still affected by the other two consecutive slots. Meanwhile, if PCI error happens well-timed with the first bit, and then the estimated PCI will certainly be wrong and there will be more beamforming weight difference with the feedback PCI. This will produce larger loss of performance. In summary, the recursive scheme does not show more robustness than the absolute scheme.
From the above results, absolute feedback can provide more Tx and Rx gains in the same PCI error rate. It can keep beamforming weight unchanged in a TTI circle and compatible with UL MIMO. The other point is that in CPC mode, for the discontinuity of PCI feedback, the former PCI does not fit to the current weight estimate. As a result, the absolute feedback scheme is better than the recursive feedback scheme. Based on these reasons, we propose:
Proposal: the absolute feedback scheme is provided in CLTD.
4. Conclusion
This contribution provides some simulation results and considerations of absolute and recursive feedback schemes in UL CLTD. The results showed that the absolute feedback scheme has better gains over the recursive feedback scheme.
Proposal: the absolute feedback scheme is provided in CLTD.
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