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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 fallback mode, when only one stream is being transmitted to a 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 Scenarios for fallback mode

As the scheme is dual-codeword, each of the two beams will have its own CRCs, and we therefore assume that, in any given sub-frame, a different HARQ process will be operating on each of the two beams as long as two codewords are being transmitted in parallel. Each codeword would use independent retransmissions.  

Two cases can therefore be envisaged when the Rel-7 MIMO scheme will need to fall back to a single-codeword mode of operation:

1. When retransmissions are ongoing for the codeword which was transmitted on one of the beams, while data transmission has ceased on the other beam. 

2. When the channel quality on one of the beams is not sufficient to support an independent codeword transmission. 

4 Proposal for fallback mode

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. As discussed in [2], we propose that the D-TxAA feedback generation should be broadly the same as for closed-loop mode 1, but with a small change 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. 

In any case, and certainly if the above change to the feedback is made, the supportable rate on the primary beam would be expected to be higher than the supportable rate on the secondary beam. Therefore, we propose that if only one codeword is transmitted in any subframe, the primary beam always carries the transmission. 

This would apply to both the scenarios identified in section 2 above – i.e. both in the case of ongoing transmissions from one of the HARQ processes, and in the case of the secondary beam being unable to support a high-enough rate to be useful. 

Figure 1 shows an example of a number of HARQ processes being transmitted on the primary and secondary beams, with some retransmissions. When the dataflow ceases, any ongoing retransmissions for which the first transmission was on the secondary beam should take place on the primary beam if no other HARQ process for the UE is destined for the primary beam. This should help to cut short the number of residual retransmissions. 
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Figure 1: Retransmissions using the primary beam when only a single codeword is transmitted
The HARQ process signalling required to support this on the HS-SCCH is discussed in [3].

Similarly, when the secondary beam cannot support a second stream, all processes would be transmitted on the primary beam. 

We further propose that when the UE is in MIMO mode but only one codeword is being transmitted in a subframe (i.e. a fallback situation), the FBI feedback and signalling of the antenna weights should be unmodified compared to the dual-codeword subframes; this means that the antenna weights would continue to be fixed for the duration of an HS-DSCH subframe, and the antenna weights would continue to be signalled on the HS-SCCH. This would mean that the HS-SCCH format would not change while the UE is in MIMO mode (which would be configured semi-statically), regardless of how many codewords are being transmitted in any particular subframe. 

As an extension to the assumptions presented above, we propose that the use of STTD across the beams should be considered for cases when only a single codeword is transmitted in a given subframe. This would mean that when only one codeword is transmitted in a subframe, it would be transmitted not only on the primary beam, but also on the secondary beam, by means of STTD encoding. The non-STTD version of the codeword would be transmitted on the primary beam, while the space-time encoded version would be transmitted on the secondary beam. In the worst case, this would give performance no worse than a single beam, while in most cases this would maximise the diversity gain from all the paths in the channel. 

Furthermore, this has the advantage of avoiding frequent switching of the number of beams to be processed at the Node B and UE. 

This is illustrated in Figure 2 below. 
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Figure 2: STTD encoding across beams when only one codeword is transmitted

5 Conclusions

The operation of D-TxAA has been discussed for the cases when only one codeword is transmitted in a given subframe. 

We propose:

· The UE is configured in “MIMO mode” semi-statically. Within “MIMO mode”, both dual-codeword and single-codeword transmission may occur. 

· If only one codeword is transmitted in any subframe, the primary beam always carries the transmission.

· When the MIMO operation “falls back” to single-codeword transmission in particular subframes, the antenna weights continue to be fixed for the duration of each HS-DSCH subframe, and the HS‑SCCH format (including signalling of primary beam antenna weights) and FBI feedback remain identical to the dual-codeword subframes as long as the UE is configured in “MIMO mode”. 

· The use of STTD across the beams should be considered for cases when only a single codeword is transmitted in a given subframe.
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