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1. Introduction

In TSG-RAN#50 a new work item, “Uplink Transmit Diversity for HSPA – closed loop”, was approved [1]. An important part of the design of the feature is the transmission of beam forming weight vectors from the NodeB to the UE in the form of feedback. The UE applies the beam forming weight vector at the next opportunity.

In this contribution, we present direct and recursive feedback schemes to transmit the weight vector. The performances of a number of the direct and recursive schemes are also evaluated and compared.
2. Feedback Schemes
In order to realize the gains of closed loop transmit diversity, an effective feedback scheme that communicatesthe 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 explicitly 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 indicates 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 as specified for the closed loop transmit diversity type 1 procedure on the downlink (Section 7 in 25.214) . 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. 
3. Link Simulation Assumptions and Results

The link simulation assumptions can be found in detail in [2] and are briefly summarized here. 
· Pre-coded pilot structure as defined in [3]
· Enhanced Symmetric implementation is modelled in all the simulations. Details of the implementation can be found in [2].
· The finger locations are statically assigned and are the same for both the antennas.

· 2% feedback error is modelled in an i.i.d fashion per feedback bit

· Non-causal 4-slot channel estimation for data demodulation with filter weights [0.4 0.3 0.2 0.1].  Note that the effective averaging length is 3 slots.
· Causal 4-slot channel estimation for beam phase computation with filter weights [0.4 0.3 0.2 0.1].  
· Antenna imbalance and antenna correlation are both 0.

3.1. Feedback Schemes Simulated

The following feedback schemes have been evaluated.

3.1.1. Direct Feedback Schemes
· 2 bit direct feedback; phase only

· In this scheme, one out of 4 possible phases is selected by the NodeB and fed back to the UE based on channel estimates of the primary and secondary pilots.

· The input to the two antennas has equal strength. There is no amplitude feedback.

· 3 bit direct feedback; phase only

· Beam selection out of 8 phases. No amplitude feedback
· 3 bit direct feedback; 1 amplitude bit and 2 phase bits

· Beam selection out of 4 phases. Amplitude information is conveyed by an additional bit.

· 4 bit direct feedback; 1 amplitude bit and 3 phase bits

· Beam selection out of 8 phases. Amplitude information is conveyed by an additional bit.

3.1.2. Recursive Feedback Schemes
· 1 bit recursive feedback; phase only

· A single bit is transmitted to the UE at every slot but 4 phases are applied by the UE by combining bits across two slots. This scheme is described in the previous section.

· 2 bit recursive feedback; phase only

· Two bit phase feedback conveying 8 total phases.

· 2 bit recursive feedback; 1 phase bit and 1 amplitude bit
· Amplitude information is conveyed by a bit and 4 phases are conveyed by 1 bit in a recursive manner. 
3.2. 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 1 and 2 show the performance of closed loop transmit diversity (CLTD) for direct and recursive feedback schemes that were listed in the previous section.
Table 1: Tx Ec/No and Rx Ec/No gains for direct feedback schemes for CLTD
	Feedback Scheme
	PA3 Channel
	VA30 Channel

	
	Rx Ec/No Gain [dB]
	Tx Ec/No Gain [dB]
	Rx Ec/No Gain [dB]
	Tx Ec/No Gain [dB]

	2 bit direct feedback; 

phase only
	-0.22
	3.15
	-0.52
	0.35

	3 bit direct feedback; 

phase only
	-0.08
	3.44
	-0.45
	0.49

	3 bit direct feedback; 

1 amplitude bit and 2 phase bits
	-0.29
	3.35
	-0.52
	0.46

	4 bit direct feedback; 

1 amplitude bit and 3 phase bits
	-0.17
	3.59
	-0.46
	0.57


Table 2: Tx Ec/No and Rx Ec/No gains for recursive feedback schemes for CLTD
	Feedback Scheme
	PA3 Channel
	VA30 Channel

	
	Rx Ec/No Gain [dB]
	Tx Ec/No Gain [dB]
	Rx Ec/No Gain [dB]
	Tx Ec/No Gain [dB]

	1 bit recursive feedback; 

phase only
	-0.17
	3.22
	-0.48
	0.28

	2 bit recursive feedback; 

phase only
	-0.13
	3.37
	-0.50
	0.32

	2 bit recursive feedback; 

1 amplitude bit and 1 phase bit
	-0.18
	3.45
	-0.56
	0.33


3.3. Observations

The following observations can be made from Tables 1 and 2:

· CLTD offers Tx Ec/No gains for both slow fading and fast fading channels. The Tx gains for the PA3 channel are well over 3dB.

· For both direct and recursive schemes, the Tx gains increase with additional feedback bits due to the higher phase granularity. However, the gains are not significant. 

· The gains for the schemes where a bit was dedicated to communicating amplitude imformation was comparable to the schemes with the same number of feedback bits where no amplitude information was transmitted. 

· The gains offered by recursive feedback schemes are comparable to the ones seen for direct feedback schemes. Note however that the recursive feedback schemes occupy lesser downlink resources since 1 less bit is transmitted.

4. Conclusions

In this contribution, feedback design was investigated. Two categories of feedback schemes – direct and recursive were presented. Several feedback options under each category were resented and the performance of each scheme was evaluated. The results confirm that CLTD offers transmit power gains for both slow and fast fading channels. It can also be seen that the performance gains offered by the recursive schemes is comparable to the direct feedback schemes. Additionally, a smaller amount of resources on the DL is needed for the recursive schemes since the feedback contains one less bit of information.
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