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1 Introduction
In LTE, rank adaptation is supported for channel-dependent precoding (closed-loop) MIMO transmission through rank and PMI feedback from the UE. By adaptively changing the precoding matrix according to the change of the MIMO channel, both the sector throughput and coverage can be improved. However this type of the rank adaptation can only be applied to low mobility UEs where the rank and PMI information fed back by the UE is not out-of-date. In [1] we show that the performance of channel-dependent precoding degrades significantly when UE speed is increased, for example, to 30km/h. Therefore high mobility UEs cannot benefit from such channel-dependent codebook-based dynamic rank adaptation. In [2] we propose to extend the concept of rank adaptation to the higher mobility case where rank adaptation is based on switching between TxD and a pre-determined higher rank precoding matrix. The performance gain of such scheme has been shown in [3]. 
In this contribution we discuss some options for signaling the rank preference as part of the uplink and downlink control signaling.
2 Background

In LTE, several multi-antenna transmission modes are expected to be supported on the downlink shared channel (PDSCH).  When the UE speed is low, the variations in the channel can be tracked, and the optimum precoding index can be fed back to the eNB.  At higher speeds however, the benefits of channel-dependent precoding are small, and it is beneficial to reduce uplink overhead by eliminating the precoding index feedback.  In this case, the precoding matrix used by the eNB should be non-channel-dependent (open-loop), which means it can be fixed or pre-determined.  Similar to rank adaptation for channel-dependent precoding, the rank for non-channel-dependent precoding should also be adapted according to the quality of the higher-speed channel.  On the other hand it has been shown that SFBC-based TxD outperforms codebook-based rank-1 transmission [3]. Therefore TxD should be applied as rank-1 mode for high mobility UEs. In order to allow the UE to switch between TxD mode and higher fixed-rank non-channel-dependent precoding, a signaling mechanism should be provided.  Figure 1 illustrates the useful regions of the different MIMO modes.

[image: image1.emf] 

Velocity  

Long - Term SINR  

Low   High  

High  

Low  

  TxD    

Channel - dependent Precoding  

Rank - 2,    Non - channel -   dependent  Precoding  


Figure 1. Selection of PDSCH multi-antenna transmission mode for the 2x2 case.
In [3], simulation results were presented that showed a cell throughput increase between 10% and 15% for systems that allow dynamic switching between SFBC TxD and rank-2 non-channel-dependent precoding, over those that do not use switching, while at the same time maintaining a higher coverage and lower residual BLER. 
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 control channel elements (CCEs),

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

· A single PDCCH is used to carry all the DL allocation for unicast transmission (DL-SCH) information intended for a single UE in a subframe.

· At least two DL Grant sizes will be supported: a smaller size (Size A) whose format will also be used for UL Grants, and a larger size (Size B).
· It is FFS whether different sizes will be used for MIMO and non-MIMO DL Grants

· It is FFS whether different sizes will be used for rank-1 MIMO and higher-rank MIMO DL Grants

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, via PUCCH formats 0, 1 and 2

· ACK/NAK and CQI information are time-multiplexed on the PUSCH when there is data

· Periodic reporting is the baseline for CQI feedback

The amount of CQI information reported depends on the number of DL streams in use, as well as the CQI measurement bandwidth.
The selection of non-channel-dependent precoding or channel-dependent precoding can be determined by UE speed.  Since this switch rate is quite low, higher layer signaling can be used for this purpose.  This may involve the UE measuring the channel variation and transmitting an indicator to the eNodeB regarding the preferred mode, or autonomous measurement by the eNodeB without the UE’s assistance.  The DL Grant and CQI report formats may be different depending on the mode being used, with the control managed by upper layer signaling.
However the simulation results in [4] shows that for a moderate or high speed UE the optimal shadowing-based rank-adaptation rate should be around 50ms – 100 ms. Therefore it is important for the LTE system to support a dynamic L1/L2 signaling mechanism to support the switch between these modes of operation, to give the best possible throughput gain and to ensure LTE meets its performance requirements.

3 DL/UL signaling supporting rank adaptation of non-channel-dependent precoding
Rank adaptation for non-channel-dependent precoding requires signaling support on both the UL and DL.  However, this signaling support can re-use mechanisms which have already been designed for channel-dependent precoding.
On the UL, when the UE is in OL MIMO mode, the UE is only required to signal the preferred rank, and the computed CQI (based on either TxD or a fixed pre-coding vector).  The rank feedback can either be transmitted jointly with the CQI, or separately.  The benefits of transmitting rank and CQI feedback separately have been outlined in [5].  This allows the reliability of the rank feedback to be controlled independently of the CQI feedback, as well as removing the need for blind decoding of the feedback format conditional on the included rank.  

When the UE is in CL MIMO mode, the UE tranmits rank, CQI and PMI feedback according to the usual mechanism for DL SU-MIMO.
On the DL, the DL Grant carried by the PDCCH must indicate unambiguously the MIMO encoding format used on the PDSCH.  The PDCCH formats have not been completely agreed [6], but it is anticipated that rank adaptation of non-channel-dependent precoding can re-use the rank bits designated for DL SU-MIMO as suggested in [7].
4 Conclusions and Recommendations

In this contribution, we propose signaling mechanisms that support the following mode of MIMO operations:
· UE/NodeN estimates UE speed as either high or low:

· For example based on DL RS, SCH and other DL transmission or RACH, UL sounding channel or other UL transmission.

· The UE MIMO operation be classified in two modes: 

· High mobility

· OL MIMO 

· Low mobility

· CL MIMO

· UE informs the eNodeB or NodeB informs UE of its mobility category through high layer signaling, for example, L3 signaling.

· UE performs instantaneous measurements of the post-processing SINR (CQI) according to UE mobility category:

· For high mobility UE: measure CQI corresponding to TxD and a pre-determined precoding vector.

· For low mobility UE:  measure CQI corresponding to different element in codebook 

· UE selects the MIMO mode feedback according to the largest post-processing SINR, using the following indicators:

· Rank/codebook index for CL MIMO
· Rank only for OL MIMO
· UE transmits the appropriate MIMO feedback indicators (rank only for OL, rank + codebook index for CL) together with the corresponding SNR to the eNodeB with the pre-determined period
· Feedback rate can be semi-statically configured

· eNodeB schedules the DL transmission to the UE

· eNodeB determines the MIMO transmission format based on feedback (rank feedback in OL mode, rank and codebook index feedback in CL mode)
· eNodeB determines the MCS based on the CQI feedback

· eNodeB determines the assigned sub-channel type based on UE category

· eNodeB signals the MIMO encoding information (rank or rank & codebook index) which corresponds to CL or OL (UE category) together with other information in the PDCCH.
· UE decodes the data according the UE type and MIMO mode indicator such as rank or rank and codebook index.
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