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1 Introduction
In a Multi-User MIMO (MU-MIMO) spatial multiplexing scheme, multiple UE’s are scheduled in the same resource block (RB). In Single User MIMO only a single user is scheduled on all MIMO layers within an RB. In contributions such as [4] and [5], it was shown that MU-MIMO can show significant gain over SU-MIMO given that there are enough users with simultaneously active data. On the other hand, due to the wide fluctuation of realistic traffic patterns, it is quite often the case that only a single user may have active data that needs to be sent. In this case it is important to empty that users buffer by using SU-MIMO and so increase the peak data rate of that user. Therefore, a dynamic switching between single-user and multi-user MIMO schemes depending upon the number of simultaneously active UEs is required in order to maximize the system spectral efficiency. In this contribution we address that issue of how to switch dynamically between SU-MIMO and MU-MIMO without requiring any change in the UE’s CQI reporting. 
2 Single User vs. Multi-User MIMO
One of the disadvantages of the single-user MIMO Per Stream Rate Control (PSRC) type scheme is that multiple channel quality indication (CQI) estimates are required for each of the individual streams. This results in excessive signaling overhead resulting in system inefficiency. In case of multi-user MIMO approach, it is possible to implement a multi-code word  scheme with just one CQI feedback per user.  In this case, each user reports the best CQI determined by using, for example, an MMSE algorithm along with the MIMO stream identity. However, multi-user MIMO requires that a large number of users are present in the system so that each user can be selected for transmission when it experiences best channel quality. However, when the number of users in the system is small, it is less likely to find users at their peak channel conditions and thus degrading the performance of a multi-user MIMO scheme. In the presence of small users, it is advantageous to schedule multiple MIMO streams to the same user. The number of users with non-empty traffic buffers varies dynamically due to packet data traffic bursty characteristics.  Therefore, dynamic switching between single-user and multi-user MIMO approaches is required. However, users are not aware of the dynamic traffic situation in the base station and therefore cannot switch the mode of CQI feedback between single-user and multi-user CQI feedback. It should be noted that for single-user MIMO operation multiple CQI feedbacks are required while in case of multi-user MIMO, a single CQI feedback per user may suffice.
3 A Dynamic Switching Method

We describe an approach of dynamic switching between single user and multi-user MIMO whereby a user always reports a single CQI assuming multi-user MIMO operation. However, when base station schedules a user in a single-user MIMO mode, it uses the best stream CQI reported by the UE to select modulation and coding schemes for all the MIMO streams.  As this CQI only applies to one stream, Hybrid ARQ operation is used for recovery of the remaining streams. In some cases, when the best CQI stream is not decoded, the user tries to decode other streams. If the user successfully decodes one or more other streams, it can cancel those successfully decoded streams to cancel the interference from the overall received signal and attempt to decode again the streams that previously failed.

An example of CQI feedback and scheduling for a multi-user 2X2 MIMO scenario is shown in Figure 1.  The receiver calculates the CQI using LMMSE (Linear Minimum Mean Square Error) operation and feedback the best CQI value of the two antennas (or streams) along with the antenna (stream) identification. The base station can then schedule data for this user on the selected antenna using a modulation and coding (MCS) scheme that corresponds to the reported CQI. Similarly, another user that reported a better CQI on the other antenna can be selected for transmission, on the same time-frequency resource, on the other antenna (stream). 
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Figure 1: An example of CQI feedback and scheduling for a multi-user MIMO scenario

An example of CQI feedback and scheduling for a single-user 2X2 MIMO scenario is shown in Figure 2.  The receiver calculates the CQI using LMMSE (Linear Minimum Mean Square Error) operation and feedback the best CQI value of the two antennas (or streams) along with the antenna (stream) identification. The base station decides to schedule the user in a single-user MIMO with transmission to the same user on both antennas. The same MCS is selected on both antennas based on a single CQI feedback which actually applies to the best antennas or stream at that time.  This may result in inaccurate MCS selection for the lower CQI value stream or antenna and Hybrid ARQ is used in case of errors on this stream. On the other hand, a user can cancel the first decoded stream in a single-user MIMO scenario which can actually improve the SINR for the stream decoded at the second place. In case, where MCS for the lower CQI stream happens to be more robust due to channel upfade at the time of actual transmission due to CQI feedback delay, the second stream may be decodable even when the first stream fails. In this case, the second stream can be cancelled and the receiver can try to decode the stream that failed at the first attempt.  
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Figure 2: An example of CQI feedback and scheduling for a single-user MIMO scenario

4 Dynamic Switching with HARQ

An example of interference cancellation and hybrid ARQ ACK/NACK flow chart for the case of two MIMO streams is shown in Figure 3.  In this case, both stream1 and Stream2 is transmitted to the same user. The receiver can perform LMMSE (Linear Minimum Mean Square Error) operation to suppress the inter-stream interference. Then the receiver first tries to decode stream1. If the transmission is successful the user cancels this stream from the overall received signal and then decodes Stream2. If the Stream1 is unsuccessful, the receiver tries to decode stream 2 without canceling stream1 from the overall received signal. If the stream2 decoding is successful, the user cancels Stream2 from the overall received signal and then decodes Stream1. If both streams are decoded successfully, the receiver sends ACK signal for both streams. If both streams fail, the receiver sends NACK signal for both streams. In case, one of the streams is successful while the other is unsuccessful, the receiver sends back ACK for the successful stream while a NACK signal for the unsuccessful signal. In case of NACK for both streams, the transmitter sends additional redundancy information using Hybrid ARQ protocol for both the streams. In case where only one stream needs hybrid ARQ retransmission, the redundant information is sent for the failed stream only.
In order to reduce the ACK/NACK feedback overhead, a single-bit ACK/NACK can be considered. An ACK signal is sent when both streams are successful and a NACK signal is sent when either one stream or both streams fail. This kind of approach saves the ACK/NACK feedback signaling overhead. As a result of NACK signal, the transmitter   sends redundant information using the hybrid ARQ protocol for both the streams. In case of an ACK signal, the transmitter moves on new packet transmissions to the same or a different user. 
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Figure 3: Flow chart showing the principle of interference cancellation and Hybrid ARQ ACK/NACKs 
An example of single-user multi-code word MIMO Hybrid ARQ operation is shown in Figure 4. Three packets, A1,A2 and A3 are transmitted to user-A while two packets B1 and B2 to user-B. In the first subframe, subpacket A11 from packet A1 and subpacket A21 from packet A2 are transmitted to user-A on MIMO stream-1 and stream-2 respectively.  The user-A successfully decodes packet A1 from subpacket A11 while decoding of packet A2 from subpacket A21 fails. The user-A sends back the ACK(1,0) signal denoting a success on stream-1 while a failure on stream-2. A new subpacket A31 from a new packet A3 is transmitted on stream-2 while a retransmission of packet A2 happens on stream-1 in subframe#5.  It is also possible to schedule retransmission of A22 on stream-2 while new transmission A31 on stream-1. Both packets fail and ACK(0,0) signal is sent to the transmitter. In subframe#9, packets B1 and B2 from another user-B is scheduled for transmission on both stream-1 and stream-2. Both packets B1 and B2 succeeds and ACK(1,1) signal is sent to the transmitter. In subframe#13, the transmitter resumes Hybrid ARQ transmission of packets A2 and A3 to user-A. Note that when a transmission of a subpacket fails, the receiver stores the information for future hybrid ARQ combining.
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Figure 4 An example of SU-MCW-MIMO Hybrid ARQ operation

An example of multi-user multi-code word MIMO Hybrid ARQ operation is shown in Figure 5. In case of multi-user MIMO, hybrid ARQ subpackets can be sent to different users on different MIMO streams. The receiver provides the hybrid ARQ feedback for only the streams it is receiving.
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Figure 5 An example of MU-MIMO Hybrid ARQ operation

An example of Dynamic switching between MU-MIMO and SU-MIMO during Hybrid ARQ operation is shown in Figure 6. In subframe#1, packet A1 is sent to user-A on MIMO stream-1 and a packet B1 to user-B on MIMO stream-2 using a multi-user MIMO approach. In subframe#5, the system switches to a single-user MIMO approach and transmission is performed to user-B on both streams. In subframe#9, the system switches back to multi-user MIMO mode and in subframe#13 to single-user MIMO mode again. The hybrid ARQ process for a pending packet continues from the point where it is pre-empted. For example, transmission of packet A1 (subpacket A12) is pre-empted in subframe#5 and resumes in subframe#9 after the system serves user-B on both streams in subframe#5.
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Figure 6 An example of Dynamic switching between MU-MIMO and SU-MIMO during Hybrid ARQ operation

5 Conclusion
We have introduced a scheme that allows dynamic switching between Single-User MIMO mode of operation and Multi-User MIMO mode based on the number of active users with data to send. In the 2x2 MIMO example described here we showed that this dynamic switching can be accommodated without any additional overhead or signaling between the Node B and the UE. In fact, in this example we described MIMO schemes which have identical overhead compared to SISO systems. 
A text proposal is provided for TR 25.814.
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 Text Proposal for 25.814

--- Begin Text Proposal ---

7.1.1.4.3
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, beamforming, 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 (e.g. only at the beginning of communication or every several 100 msec), in order to reduce the control signalling (including feedback) required to support the MIMO mode adaptation. 
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 1, 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. The number of code words per UE may be restricted to, e.g. 2 to reduce the control signalling overhead.
· Link adaptation as a means to track fast channel variation is applied independently for each codeword if multiple codewords are transmitted to a UE with control interval of 0.5ms – a few ms.
· 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. A dynamic switching between SU and MU-MIMO preferably requires a common channel quality feedback structure for the two approaches. Once such possible structure could be that UEs always report channel quality assuming MU-MIMO operation. However, when Node-B schedules a UE in SU-MIMO mode, it can use the same channel quality for link adaptation on all the MIMO layers transmitted. 
· 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. Both codebook based pre-coding and non-codebook based pre-coding should be considered. Codebook based methods select pre-coding vector(s) from a codebook(s) 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 if the UE supports multiple codewords, and is constrained by the number of layers. 

· 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 ---
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