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1 Introduction
In [1] it was shown that for open-loop transmission, dynamic switching between DL spatial multiplexing (SM) and transmit diversity (TxD) provides the best system performance (in terms of sector throughput, user coverage and residual BLER) among a number of possible ways to use the two modes.
This contribution is an update of a previous proposal [2] on the subject of signaling mechanisms to support switching between DL transmission modes.
2 Background

In LTE, several multi-antenna transmission modes will be supported on the downlink shared channel (DLSCH).  These include CL transmission, OL-SM and OL-TxD.   Generally, CL transmission will be best when the channel is slowly varying.  For channels which change more quickly, TxD is preferred for lower SNR channels, while SM is preferred at higher SNRs.  Figure 1 illustrates this decision process.  In addition to the consideration of each mode in isolation, the switching between modes must be considered.
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Figure 1. Selection of DLSCH multi-antenna transmission mode.
In [1], simulation results were presented that showed a cell throughput increase bewteen 10% and 15% for systems that allow dynamic switching between DL SM and TxD, over those that do not use switching, while at the same time maintaining a higher coverage and lower residual BLER.  It is important for the LTE system to support a dynamic L1/L2 signaling mechanism to switch between these modes of operation, to give the best possible throughput gain and to ensure LTE meets its performance requirements.

Previous agreements on DL control signaling specify that:
· The UE monitors a number of parallel control channels, formed as an accumulation of one or more fundamental control channel elements (CCEs),

· UL and DL grants are transmitted on separate PDCCH channels, addressed by MAC IDs

· DL grants contain Cat1, Cat2 and Cat3 information and are jointly coded (to be revisited when MIMO schemes are finalized).

· Cat2 information contains the Transport Format indicator which also includes MIMO-related information

Previous agreements on UL control signaling specify that:

· ACK/NAK and CQI information are transmitted on the PUCCH at the band edge when the UE has no data to send, and time-multiplexed on the PUSCH when there is data

When the UE is reporting its CQI information, it is expected that it will signal this information via the PUCCH or PUSCH at regular intervals.  The amount of CQI information reported depends on the number of DL streams in use, as well as the CQI measurement bandwidth.
The measurement of mobile speed that is required to inform the switching between CL and OL transmission requires a time on the order of hundreds of milliseconds.  Therefore, we believe the switching between CL and OL is best accomplished at a higher layer.  This may involve the UE measuring the channel variation and transmitting an indicator the eNodeB regarding the preferred mode, or autonomous measurement by the eNodeB without the UE’s assistance.  In any case, it is assumed that both the DL Grant and CQI report formats are different depending on the mode being used, with the control managed by upper layer signaling.
The switching between OL-SM and TxD does not require feedback that is as frequent as the CQI reports.  However, our results indicate that using upper layer signaling to control this switching is too slow to achieve the best performance in OL mode.  Therefore, we propose below several possible mechanisms to signal the UE preferred OL mode, all of which make use of transmitting the information alongside the CQI, every Nth CQI reporting opportunity, where N is a configurable value.  This amounts to transmitting rank feedback in OL mode as part of the uplink control signaling, but with lower frequency than the rank feedback used in CL mode.
3 Proposal
We propose that the UE preference for SM or TxD in open loop mode be signaled over the PUCCH/PUSCH, alongside the CQI report but possibly with lower frequency.  This might be done in a number of ways:
· One or two bits added to the UE feedback sent at the same periodicity as the CQI, indicating the preferred OL rank.  This would be similar to fast CL rank feedback.
· Sending the OL rank feedback less frequently than the CQI, and puncturing the least significant one or two CQI bits every Nth CQI report.  This has the benefit of keeping the total number of control bits constant, but decreases the CQI resolution when the OL rank indicator is punctured.
· Sending the OL rank indicator every Nth CQI report, using a different format than the normal CQI report that allows sending all the CQI bits plus the OL mode indicator bits.  This preserves the granularity of the CQI report at the expense of an extra UL control format.
An example of how the signaling bits described above might be transmitted in the UL signaling channels is illustrated in Fig. 2.
When the eNodeB has two transmit antennas, one OL mode feedback bit is required to indicate a preference between transmit diversity and spatial multiplexing.

When the eNodeB has four transmit antennas, one feedback bit could be used to indicate a preference between Rank 1 and Rank 4 OL transmission.  If Rank 2 OL transmission is also provided for in the standard, two feedback bits might be used to indicate a preference between the three OL modes.  This would also depend on the number of receive antennas on the UE.
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Figure 2. Example methods to transmit OL mode feedback alongside UL CQI reports.
4 Conclusions and Recommendations

In this contribution, we propose:
· Switching between Open Loop and Closed Loop downlink MIMO modes is done by Layer-3 signaling
· The Open Loop rank transmitted on the downlink (TxD vs. SM) is indicated in the DL Grant message on the PDCCH.

· Different DL Grant formats may be required for OL and CL modes

· One or two bits (depending on number of transmit & receive antennas and final MIMO options) are transmitted alongside CQI report to indicate the OL mode preference (rank feedback).
· We propose three possible choices for the transmission of OL mode preference feedback:

· Feedback may be sent together with every CQI report

· Feedback may be punctured onto the one or two least significant bits of every Nth CQI report, where N is configurable

· Feedback may be sent together with the full CQI report every Nth CQI report period, using a different (larger) signaling format than during the normal CQI report.
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