
3GPP TSG RAN WG1 Meeting #44bis




   
 




  R1-061096
Athens, Greece, March 27 - 31, 2006
Agenda item:
10.1.8
Source: 
Samsung 
Title: 





Text Proposal on MIMO based on R1-061095
Document for:
Discussion and decision
1 Introduction
This contribution proposes a text proposal on MIMO based on R1-061095 as agreed in Athens. 
--------------- Start text proposal -------------------- 

7.1.1.4
MIMO and Transmit Diversity
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
Since control channel performance can be difficult to improve through other sources of diversity (retransmission, link adaptation, etc.), open loop transmit diversity schemes should be considered for the downlink control channels. The open loop transmit diversity can also be considered for the downlink unicast traffic. Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains. Open loop block code-based transmit diversity (STBC or SFBC), cyclic delay diversity, time (or frequency) switched transmit diversity, and combined space-time (or space-frequency) block code/cyclic delay diversity techniques should be considered. The cyclic delay diversity is assumed for L1/L2 control channels as the baseline for evaluations with two or four transmit antennas at the cell site. 
7.1.1.4.1
Aspects for LTE MIMO 

Aspects to consider for LTE MIMO discussions are as follows:

· Micro-cellular/Hot-spot and macro cellular environments should be considered in performance evaluation

· Not increase number of operation modes unnecessarily. Impact on receiver architecture should also be considered

· Realistic assumptions have to be taken into account when comparing different MIMO concepts, such as feedback errors and delays, needed multi-antenna reference signal overhead and its effect on performance, complexity and signalling requirements etc. The resulting reference signal and signalling overheads in both uplink and downlink have to be justified by the shown improvements

7.1.1.4.2
High level principles of MIMO for unicast traffic

Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. 
Modes of operation of multiple transmit antennas at the cell site (denoted as MIMO mode) are spatial multiplexing and single-stream transmit diversity mode(s). The MIMO mode is restricted by the UE capability, e.g. number of receive antennas, and is determined taking into account the slow channel variation. The MIMO mode should be adapted slowly (only at the beginning of communication or every several 100 msec), in order to reduce the required feedback.
Other high level principles are as the followings:

· Maximum antenna configuration for evaluation is 4x4.
· Multiple codewords (including single codeword as a special case) that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC should be investigated. Possible values for the maximum number of codewords per resource block transmitted by the Node B are 2 or 4. The maximum number of codewords that can be received by a UE is either 1, 2 or 4 and should be fixed depending only on the UE capability.
· Link adaptation as a means to track fast channel variation is applied independently for each codeword if multiple codewords are transmitted to a UE.
· In addition to the SDM, the spatial division multiplexing of the modulation symbol streams for different UEs using the same time-frequency(-code) resource is supported for evaluation, which may be denoted as spatial division multiple access (SDMA) or multi-user (MU)-MIMO. Note that the SDM is a special case of the SDMA. MU-MIMO is supported only with the pre-coding. To avoid very complex UE receiver, cancellation of other UE’s interfering signal is not assumed to be a mandatory feature. However, ways to aid the inter-UE interference cancellation by providing necessary information are not ruled out. The application of SU- or MU-MIMO to a UE is determined by Node B either dynamic or semi-static manner.
· Use of pre-coding as a means to convert the antenna domain MIMO signal processing into the beam domain processing should be investigated. It is FFS whether the precoding should be unitary or non-unitary. Because precoding might require less complex (linear) receivers to achieve a given level of performance, both the receiver complexity requirements and the performance of MIMO algorithms should be considered.  Any additional feedback required for precoding and any additional related computational complexity in the UE should also be taken into account. Pre-coding vector(s) are selected from a codebook to reduce the signalling overhead. The size of the codebooks should be minimized and the codebooks should be static. Irrespective whether the codebook is used or not, the amount of feedback should be minimized. The update interval of the selected pre-coding vector(s) should be sufficiently short to track instantaneous channel variation (0.5 ms or longer). Adaptive beam forming is an alternative method to achieve SDMA. 
· Rank adaptation (and/or the antenna subset selection), of which exact implementation is FFS, is supported for evaluation as a means to prevent possible performance loss from using higher number of MIMO layers than can be supported by the channel condition. The number of codewords transmitted to a UE is controlled through rank adaptation and is constrained by the number of layers. 
· The single stream transmit diversity should be investigated as an alternative mode of MIMO operation than the one requiring MIMO-specific feedback from the UE. A transmit diversity technique can be applied when the rank is determined to be one. Possible candidates for the transmit diversity mode are

· Block-code based transmit diversity (STBC, SFBC)
· Time (or frequency) switched transmit diversity (or antenna permutation)
· Cyclic delay diversity
· Pre-coded transmission using selected pre-coding vector(s) (including selection transmit diversity)
The cyclic delay diversity is the baseline for simulation of the transmit diversity mode for unicast data channels. It is noted that in the end, one transmit diversity scheme should be selected for the unicast data channel to reduce the number of unnecessary options.
· Followings are identified as candidates for the UE feedback information but not limited to:
· MIMO channel state information, which may be used by the Node B to determine MIMO processing consisting of e.g., selection of the rank (and/or the antenna subset), and/or the pre-coding, etc.  
· If, for TDD operation, uplink reference signals should be transmitted to provide channel state information to support downlink MIMO transmission.
· Channel quality indicator (CQI), which may be used by the Node B to decide a MCS level(s). In addition to the CQI, another form of feedback signalling, which may be similar to the feedback information (FBI) as defined from Rel-99, should be considered as a candidate feedback signalling. 
· If multiple operation modes are defined, e.g. MIMO and open loop transmit diversity,, and an open loop MIMO are supported, it may be needed for a UE to inform the Node B of the indication of (preferred) operation mode.
--------------- End text proposal --------------------- 









