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1
Introduction

One of the open issues for the Uplink Transmit Diversity for HSPA – closed loop work item is the design of the feedback channel and the scheme that should be used for transmitting feedback. 
In this contribution, we compare two feedback schemes: Direct feedback and Recursive Feedback. A link analysis comparing the performance of these two schemes is presented for different implementation of closed loop beamforming. 
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Feedback Schemes

In order to realize the gains of closed loop transmit diversity, an effective feedback scheme that communicated the beam forming weight vector to the UE is essential. The main objectives of feedback design can be listed as follows:

· Maximize the transmit power gains due to closed loop transmit diversity (CLTD)

· Minimize the impact on the NodeB receiver due to amplitude and phase discontinuities

· Minimize the amount of DL resources needed to transmit the feedback information.

The different types of feedback schemes can be categorized into direct or explicit feedback and recursive or implicit feedback. Simulation results detailing the gains that are obtained by each considered feedback scheme are shown in the next section.

2.1
Direct Feedback

In these set of schemes, the UE is informed explicit about the specific phase and amplitude that should be used at the next opportunity. For e.g., if there are 2 bits of feedback that are meant to convey phase, then the phase granularity available for beam forming is 4 and each sequence of bits is mapped to the corresponding phase and applied at the UE.

2.2
Recursive Feedback

Recursive feedback indicated the feedback information in an implicit fashion. The received bits on two or more consecutive slots are used to determine the phase to be applied at the UE.

We mainly focus on recursive feedback of CLTD beamforming phase information. Without loss of generality, we assume transmit power on two Tx antennas are equal. Note that if amplitude feedback is needed, it is signalled independently and explicitly

The Node B receiver needs to determine the phase of CLTD beamforming and sends phase bits back to UE on the downlink channel. Let us assume the Node B is targeting a beamforming phase resolution
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. In each slot, the beamforming phase (  is determined by Node B which belongs to a finite set (size=2^M) of phases. There are two such sets and they are alternatively used. For transmitting in an odd slot, the set is defined to be
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For an even slot, the set is defined to be
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As a special example, if M=2, then the set for odd slot is {π/2,3π/2}, and it is {0,π} for even slot. 

Next, the phase value is Gray-mapped to M bits. Once UE receives the phase bits, the UE obtains the phase value 
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 for slot n based on the slot index,. The final beamforming phase used by the UE transmitter for uplink CLTD transmission is derived as follows:
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The motivation for such a design is twofold:

· When there are M phase bits of feedback used, the recursive scheme required only M-1 bits to be communicated on the downlink thereby saving downlink power and code resources. 

· In case of feedback error, the maximum phase error is limited to 
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in the recursive scheme where as there could potentially be phase errors of 180deg when direct feedback is used. Establishing a cap on the maximum phase error reduces the impact of phase discontinuity at the receiver. 
An example of the recursive feedback scheme is given below:
Consider the case when one of 4 phases is to be signalled to the UE. In this case M = 2 and the phases are 
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. They can be illustrated as in Figure 1.

[image: image8.emf]π/4

-3π/4

3π/4

-π/4

0

1

0

1


Figure 1: Illustration of beamforming phases
A single PCI feedback bit is transmitted on the downlink. In any given radio frame, the PCI bit to be signalled is computed as follows at the NodeB.

At an even slot, the PCI bit to be signalled is:

· 0, if the beamforming phase is +/- π/4
· 1, otherwise

At an odd slot, the PCI bit to be signalled is:

· 0, if the beamforming phase is π/4 or 3π/4
· 1, otherwise.

The UE interprets the received PCI bit as follows.

At an even slot, if the PCI bit is
· 0, the  signaled phase 
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is 0
· 1, the  signaled phase 
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At an odd slot, if the PCI bit is

· 0, the  signaled phase 
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is π/2
· 1, the  signaled phase 
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is -π/2
Finally, the beamforming phase to be applied is computed as 
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Table 1 shows the actual beamforming phase, corresponding PCI bit that is signaled and the final beamforming phase computed at the UE over the duration of a radio frame.
Table 1: Computation of the beamforming phase at the UE over a radio frame.
	Slot
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	BF Phase
	-π/4
	-π/4
	π/4
	π/4
	π/4
	3π/4
	3π/4
	-3π/4
	-π/4
	-π/4
	π/4
	-π/4
	-3π/4
	-3π/4
	-π/4

	PCI bit
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0

	UE
	
	-π/4
	-π/4
	π/4
	π/4
	π/4
	3π/4
	-3π/4
	-π/4
	-π/4
	-π/4
	-π/4
	-3π/4
	-3π/4
	-π/4


3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the the RAN1 agreements that were made at the previous RAN1 meeting [1]. 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. Additional assumptions on the pilot structure and the beamforming implementation are described in the following subsections.
Table 2: CLTD specific link level simulation assumptions 
	Parameter
	Value

	Compensation of phase discontinuity
	Channel Synthesis

	CLTD Codebook Size
	4 Phase Quantization
Direct: 2 bits on the DL

Recursive: 1 bit on the DL

	CLTD Feedback Error Rate
	[0%, 2%, 4%, 10%, 20%]

	CLTD Feedback Update Rate
	Once per slot

	CLTD Feedback Delay
	3 slot

	Channel estimation for beam selection
	Causal 4-slot with filter weights 

[0.4 0.3 0.2 0.1]


 3.1
UL Pilot Channel Design
The working assumption made at the previous RAN1 meeting is used. The pre-coded pilot structure as described in [2] is simulated where 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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3.2
Beamforming Implementation

Link simulation results are shown for two types of beamforming implementations:

· Asymmetric Implementation

In this type of implementation, the beamforming phase 
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is applied only to the second antenna. 

· Enhanced Symmetric Implementation

This is an enhancement of the symmetric type of implementation.  In symmetric implementation, the beamforming phase 
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 is split into negative and positive halves which are further applied at two UE transmit antennas. This implementation in itself may not be suitable for CLTD beamforming where the phase can change up to 90 degree or larger from one slot to the next. However, with some modifications, it is seen that symmetric implementation can indeed be applied to CLTD as well. Additional details of the enhanced symmetric beamforming implementation with are provided in [3]. 

Additionally, the NodeB is also assumed to synthesize the channel for the purposes of channel estimation for both types of implementations. Details of channel sysnthesis can also be found in [3].
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) 

Tables 3 and 4 show the Tx gain and the Rx gain respectively using asymmetric implementation with channel synthesis, for the PA3 and VA30 channels for both the direct and recursive feedback schemes for different error rates in the feedback channel. Note that the feedback error is modelled statistically with the error being independent for each DL bit. 
Table 3: Tx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Asymmetric implementation with channel synthesis
	Tx Ec/No Gain [dB]
	PCI Feedback Error

	
	0%
	2%
	4%
	10%
	20%

	PA3
	Direct Feedback
	2.68
	2.42
	2.10
	0.99
	-1.05

	
	Recursive Feedback
	2.67
	2.36
	2.10
	1.16
	-0.47

	VA30
	Direct Feedback
	0.53
	0.27
	0.07
	-0.64
	-1.75

	
	Recursive Feedback
	0.38
	0.27
	0.08
	-0.48
	-1.21


Table 4: Rx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Asymmetric implementation with channel synthesis
	Rx Ec/No Gain [dB]
	PCI Feedback Error

	
	0%
	2%
	4%
	10%
	20%

	PA3
	Direct Feedback
	-0.09
	-0.30
	-0.55
	-1.49
	-3.18

	
	Recursive Feedback
	-0.09
	-0.33
	-0.52
	-1.26
	-2.54

	VA30
	Direct Feedback
	-0.42
	-0.65
	-0.81
	-1.44
	-2.39

	
	Recursive Feedback
	-0.47
	-0.54
	-0.70
	-1.18
	-1.78


Tables 5 and 6 show the Tx gain and the Rx gain respectively using enhanced symmetric implementation with channel synthesis, for the PA3 and VA30 channels for both the direct and recursive feedback schemes for different error rates in the feedback channel. Note that the feedback error is modelled statistically with the error being independent for each DL bit. 

Table 5: Tx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Enhanced symmetric implementation with channel synthesis
	Tx Ec/No Gain [dB]
	PCI Feedback Error

	
	0%
	2%
	4%
	10%
	20%

	PA3
	Direct Feedback
	2.70
	2.51
	2.24
	1.50
	-0.005

	
	Recursive Feedback
	2.69
	2.5
	2.28
	1.54
	0.42

	VA30
	Direct Feedback
	0.58
	0.42
	0.22
	-0.31
	-1.45

	
	Recursive Feedback
	0.42
	0.27
	0.16
	-0.05
	-0.6


Table 6: Rx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Enhanced symmetric implementation with channel synthesis
	Rx Ec/No Gain [dB]
	PCI Feedback Error

	
	0%
	2%
	4%
	10%
	20%

	PA3
	Direct Feedback
	-0.06
	-0.20
	-0.39
	-0.95
	-2.09

	
	Recursive Feedback
	-0.07
	-0.19
	-0.32
	-0.82
	-1.53

	VA30
	Direct Feedback
	-0.37
	-0.50
	-0.66
	-1.10
	-2.08

	
	Recursive Feedback
	-0.43
	-0.54
	-0.62
	-0.75
	-1.15


4.1
Observations

The following observations can be made from Tables 3-6:
· For both types of feedback schemes and both types of implementations, the Tx gain and Rx gains reduce with increasing feedback errors. At high feedback error rates (20%) a loss is seen for the Tx Ec/No and the loss in the Rx Ec/No becomes significant. When the feedback error rate is high, the UE applies the incorrect beam a significant portion of the time results in a loss. Therefore, it is important to maintain the feedback error rate less than 4%.
· When feedback error rates are low, the performance of the recursive feedback scheme is comparable to the direct feedback scheme for both types of implementation.

· As the feedback error rate increases, it is seen that the recursive feedback scheme is more robust to feedback errors for both types of implementations. This is because a single bit is transmitted on the downlink indicating the phase. If the signalled bit is in error, the maximum error in phase is restricted to
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Based on the above results, we see that the performance of the recursive feedback is more robust than the direct feedback scheme while also reducing the amount of resources needed on the downlink. As a result, we propose the following.

Proposal 1: Recursive feedback scheme is adopted for CLTD.

5
Conclusions

In this contribution, a comparison was performed between direct and recursive feedback schemes for two types of beamforming implementations and for different PCI feedback error rates. It is seen from the results that the recursive feedback scheme is more robust than the direct feedback scheme as the PCI feedback error rate increases. At low PCI feedback error rates, the performance of the recursive feedback scheme is comparable to the direct feedback scheme. Consequently, the following is proposed:
Proposal 1: Recursive feedback scheme is adopted for CLTD.
6
References

[1] 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
[2] R1-110662, “Link Analysis of Pilot structures for UL CLTD”, Qualcomm Incorporated
[3] R1-110664, “Link Analysis of mechanisms to improve impact of phase discontinuity due to CLTD on NodeB receiver”, Qualcomm Incorporated
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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