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1 Introduction

The WI to introduce MIMO with 64QAM for HSUPA [1] enables higher throughput to be achieved in the uplink.  One aspect of UL MIMO is the rank selection.  The NB can indicate the maximum rank that the UE can use for its uplink transmission but the final rank used is decided by the UE.  In the previous meeting the following is agreed regarding rank:
Rank management:

· The Node B signals the UE with a maximum rank

· The UE is able to autonomously fall back from rank2 to rank1 if it does not have sufficient data or power headroom to transmit

Code configuration

· The rank 2 transmissions are possible only with 2xsf2+2xsf4 code configuration in both streams. This applies also for the case where the E-TFC selection is max power limited rather than grant limited

In addition to the above agreements, the following working assumptions were made on the operation when the E-TFC selection for rank 2 is transmit power limited rather than grant limited:

· As long as the E-TFC selection does not fall back to rank 1, the equal power of E-DPDCHs and S-E-DPDCHs is maintained

· The point in which the UE would fall back to rank 1 is FFS

This contribution discusses the rank selection at the UE.

2 Discussions
It was agreed that the UE falls back from rank 2 to rank 1 if it does not have sufficient data to transmit.  Based on this agreement, if the UE can empty its buffer with only a single stream then it will fall back to rank 1.  This is as shown in Figure 1 where the maximum TBS that can be carried by the primary stream is sufficient to empty the UE buffer.
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Figure 1: UE buffer can be emptied using only the primary stream

Figure 2 shows the scenario where the primary stream cannot completely empty the UE buffer.  If rank 2 transmission is allowed, then the remaining data in the UE buffer that cannot be carried by the primary stream can be carried by the secondary stream.  However, it is possible that the remaining data is very small.  If rank 2 transmission were to be used, the small remaining data would be carried by the secondary stream as shown in Figure 3.  Since rank 2 is only possible if both streams transmit in 2xSF2 + 2xSF4, the secondary stream would then have large excess of capacity and therefore a very low coding rate may be required.  This may not be an efficient way of transmitting in rank 2 because large number of code and transmission power are used to carry a small amount of data, causing unnecessary and excessive inter-stream interference.
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Figure 2: UE buffer cannot be emptied by a single (primary) stream
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Figure 3: Putting small remaining data in the secondary stream
Alternatively, the total amount of data from the UE’s buffer could be split equally or split in a ratio corresponding to the max capacity of each stream.  The scenario where the data is split equally is shown in Figure 4.  However, this may also lead to low coding rate on both streams and overall still suffers from the same high usage of spreading codes and power resource and inter-stream interference as that shown in Figure 3.  Hence for these scenarios, it may be more efficient for the UE to use rank 1 and finish the transmission in two consecutive TTIs.
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Figure 4: Split UE buffer equally onto each stream

We suggest the following rules to define when the UE should fall back from rank 2 to rank 1 after E-TFC selection due to insufficient data:
1. Impose a maximum difference in TBS ((TBS) between the primary and secondary streams for rank 2 transmission

2. If the amount of data carried by any of the streams can be supported by a code configuration with less number of codes than 2xSF2+2xSF4, then the UE falls back to rank 1

It should be noted that the above two rules are not mutally exclusive since it is possible that both streams can achieve 2xSF2+2xSF4 but the (TBS exceeds that imposed by the network.
3 Conclusion
In this contribution we discuss some criteria for the UE to fall back from rank 2 to rank 1 due to insufficient data.  We propose that we:

Proposal 1: Consider the following conditions in which UE falls back from rank 2 to rank 1 due to insufficient data 
1. Impose a maximum difference in TBS ((TBS) between the primary and secondary streams for rank 2 transmission

2. If the amount of data carried by any of the streams can be supported by a code configuration with less number of codes than 2xSF2+2xSF4, then the UE falls back to rank 1
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