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1 Introduction

In RAN1#45 and RAN#32, it was agreed that the MIMO scheme for Rel-7 would be a dual-codeword MIMO scheme based on D-TxAA, with the antenna weights being signalled on the HS-SCCH [1].

It is now necessary to define the remaining details of this scheme. In this paper we discuss some details of the antenna weight feedback from the UE. 

2 Terminology

We use the term “primary beam” for the beam that is formed on the basis of the UE feedback. The beam that is formed using an orthogonal weight vector to that of the first beam is referred to as the “secondary beam”. 

3 Discussion 

3.1 Generation of feedback bits

With D-TxAA, the primary beam is configured according to the feedback from the UE in a similar way to the beamforming for closed-loop mode 1.  

We propose that the criterion for D-TxAA feedback generation should be broadly the same as for closed loop mode 1. However, we do propose that it should be changed slightly from closed loop mode 1, so that the criterion for calculating the FBI feedback bits would allow the possibility of maximising the received SIR, not the “received power” as currently specified in TS25.214 s.7.1 for closed loop mode 1. 

This would allow a UE with more than one receive antenna the possibility of taking into account the spatial characteristics of any strong interferer(s). In the case of spatially-white interference, this change would make no difference, but it would be especially useful in the case when the strongest spatial channel from the serving Node B happens to coincide with a strong path from an interferer. 

In order to allow UEs to reuse existing algorithms, this change could be optional – i.e. allowing one of two behaviours for the UE (either maximising power or maximising SIR). As a minimum, the maximisation of SIR rather than power should not be prohibited. Any performance requirements using spatially-coloured interference would be a matter for RAN4 to discuss. 

3.2 Signalling of feedback bits

In order to keep as much commonality as possible with the existing closed loop mode 1, it seems reasonable to use the DPCCH FBI bits for the UE to transmit its preferred antenna weight information to the Node B. The fact that these bits are uncoded and may have a high error rate should have less impact than for closed loop mode 1, as the signalling of the antenna weights on the HS-SCCH should be more reliable than any antenna verification scheme implemented at the UE.  

Some changes are, however, necessary compared to closed loop mode 1. Firstly, as the antenna weights will be signalled on the HS-SCCH in the downlink, we propose that the antenna weights in the downlink are fixed for the duration of an HS-DSCH subframe. This would also aid channel estimation and decoding in the UE.

This means that 3 UL DPCCH FBI bits are available per HS-DSCH TTI (or 6 depending on the UL DPCCH slot format). 

It is necessary to consider the exact usage of these FBI bits, and also the calculation of the phase vector at the Node B. In closed loop mode 1, an averaging operation is employed to calculate the actual beamforming weight vector to apply at the Node B based on the FBI messages received in two consecutive slots. 

A number of possibilities exist for the exact way in which the FBI bits are used and the primary beam phase vector calculated. For example:

1. Keep the definition of the FBI message exactly as in closed loop mode 1, with a π/2 rotation per slot and require that Node B calculates the primary beam antenna weights as an average of 2 slots. The code book used by the Node B would  remain exactly as in closed loop mode 1. As the HS-DSCH subframe is 3 slots, this means that the FBI bit(s) in 1 slot out of every 3 would serve no purpose. Therefore this bit is available for uplink signalling. For example, it could be used as a fast “rank indicator”, to indicate to the Node B whether the second beam is able to support a second codeword or not. (CQI signalling for the two beams is discussed in detail in [2].

2. Keep the definition of the FBI message exactly as in closed loop mode 1, with a π/2 rotation per slot, but require that the Node B calculates the primary beam antenna weights as an average of 3 slots. This would have the effect of doubling the size of the Node B code book, and adding 1 more bit to the HS-SCCH signalling. 

3. Keep the definition of the FBI message exactly as in closed loop mode 1, with a π/2 rotation per slot, but leave the Node B free to use any method to calculate the primary beam antenna weights. The codebook of weights used for beamforming could be the same as the current codebook for closed loop mode 1, or be extended by additional entries, or be a different codebook. This may be incompatible with some Node B architectures. 

4. Redefine the usage of the FBI bits, and use repetition across the 3 available bits per subframe. This would minimise the number of FBI bits required per slot, and gain maximum advantage from time-diversity. However, the time delay between the UE’s CPICH phase measurement and the application of the antenna weights on HS-DSCH would increase. Furthermore, restricting the beam rotation to ±π/2 between each HS-DSCH subframe would be unlikely to fit the channel conditions. 

5. Redefine the usage of the FBI bits, and use a simple code to allow the UE to request any of the 4 possible phase vectors. These could, for example, be coded as 0 0 0,  0 1 1,  1 1 0,  1 0 1, with a distance of 2 bits between each codeword. This overcomes the restriction of the ±π/2 rotation for option 4, but still has the disadvantage of the higher time delay than options 1 or 2. 

In view of the disadvantages of options 2 – 5 above, we propose that option 1 is adopted for the FBI feedback and codebook for D-TxAA – i.e. keep the basic definition of the FBI bits and the code book as in closed loop mode 1, and use the redundant third FBI bit as a rank indicator. 

This is illustrated in the following timing diagram:
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Figure 1: Use of FBI bits for D-TxAA

4 Conclusions

The design of the antenna weight feedback for D-TxAA has been discussed. 

We propose:

· The criterion for calculating the FBI feedback bits should allow the possibility of maximising the received SIR, not the “received power” as currently specified in TS25.214 for closed loop mode 1.

· The antenna weights in the downlink are fixed for the duration of an HS-DSCH subframe.

· The basic definition of the FBI bits, averaging at the Node B, and the code book are kept as in closed loop mode 1, and the redundant third FBI field is used as a fast rank indicator.
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