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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.
In [2], we previously proposed UL and DL signaling mechanisms to support switching between closed-loop (CL) transmission, open-loop (OL)-SM and OL-TxD.  This contribution is an update of our previous proposal.
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 of at least 45% 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 redidual BLER.  Therefore, we feel 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,

· 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 an MIMO-related information

Previous agreements on UL control signaling specify:

· 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.
To enable dynamic switching between DL CL transmission, OL-SM and OL-TxD, signaling must be provided to support:
· Mode Decision (MD) Indication (indicating OL/CL and, if OL, transmssion rank) via PDCCH, and 
· Mode Preference (MP) Indication via PUCCH or PUSCH

We propose that the Mode Decision indication be transmitted as part of the Cat2 information in the DL grant, and that the Mode Preference indication be transmitted on either the PUCCH or PUSCH, along with the CQI information, at configurable intervals.

3 Proposal
For the downlink control signaling component of MIMO mode switching, we propose to include one bit in the MIMO information portion of the Cat2 DL signaling that indicates whether the transmission is Open Loop or Closed Loop.

· If the mode bit indicates Closed loop DL MIMO, subsequent bits would indicate the codebook index used for transmission.
· If the OL/CL mode bit indicates the transmission is Open loop, subsequent bits can be used to indicate the OL transmission rank.
For the uplink control signaling component, a signaling bit indicating an OL/CL mode preference should be sent periodically on the PUCCH or PUSCH.  The periodicity should less frequent than that of the CQI reports.  Therefore, there might be two ways considered as to how these bits might be sent:
· Puncturing CQI: The OL/CL bit can puncture the least significant bit of the primary CQI report once every N CQI reporting intervals, where N is configured at higher layers.
· Conventional transmission: Once every N CQI reporting intervals, an additional bit is added to the PUCCH or PUSCH, which indicates the OL/CL mode.
The UE preference for SM or TxD in open loop mode (or more generally the OL rank preference) must also be signaled over the PUCCH/PUSCH.  This also 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, but at different times than the OL/CL mode preference bit.  This might also be done by puncturing the CQI bits to preserve the same format, or sending additional bits to preserve the CQI integrity
· Sending the OL rank feedback and OL/CL mode preference together.  This could be done by puncturing a larger number (2 or 3) of least significant CQI bits in the same CQI report, or defining a new format with a larger number of bits.

An example of how the signaling bits described above might be transmitted in the DL grant and in the UL signaling channels is illustrated in Fig. 2.  In this case the OL/CL mode preference bit punctures the least significant bit of the principal CQI report field every N report opportunities, and the OL rank feedback preference is sent using additional bits at the same rate as the CQI reporting.
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Figure 2. Example addition of OL/CL and SM/TxD Indicator Bits to DL and UL Signaling.
The advantage of the CQI bit puncturing scheme is that fewer PUCCH/PUSCH control information formats are required, reducing the complexity at the UE and eNodeB.  However, this does carry a cost to the quality of the CQI information carried every Nth reporting interval.  Therefore, the conventional transmission mode has no impact to the CQI reports, but incurs slightly more uplink overhead, and requires more control information formats to be defined.
4 Conclusions and Recommendations

In this contribution, we propose:
· A signaling mechanism on the downlink and uplink to support dynamic switching of DL MIMO mode
· The transmission of one additional bit in the DL grant carried on the PDCCH, to indicate whether the PDSCH MIMO mode is closed loop or open loop

· Subsequent bits, indicating OL transmission rank, can be used from fields that are used to specify codebook information in CL MIMO mode.

· The transmission of two streams of signaling information on the UL on the PUCCH or PUSCH.
· A bit stream indicating a preference for OL or CL mode transmission
· This stream will be sent less frequently than the CQI information, so may use puncturing of the least significant bit of the principal CQI report to eliminate the need for an additional control format to be defined

· When OL mode is preferred, a bit stream indicating the desired transmission rank (SM vs. TxD) 
· These bits may be sent at the same rate as the CQI feedback, in which case only a single format is needed.
· Alternately, they might be sent less frequently than the CQI, in which case a separate format might be defined to send them, or they might also use puncturing of CQI bits.

References
[1] R1-063101, “Further Performance Evaluation for DL Adaptive MIMO,” Nortel, Riga, Latvia, November 6–10, 2006.

[2] R1-070700, “DL/UL Signaling Channel Supporting DL Adaptive MIMO,” Nortel, St. Louis, USA, Feb. 12–16, 2007.
[3] R1-071223, “Way forward on Downlink Control Signalling,” Ericsson et al., St. Louis, USA, Feb. 12–16, 2007.































































































































































PAGE  
1

_1223363828.doc

[image: image1]

Low







High







Low







High







Open-Loop SM







Transmit Diveristy







Close-Loop SM







Long-Term SNR







UE Velocity







Tx Technique Selection












