
3GPP TSG RAN WG1 Meeting #46
                                                     R1-062105
Tallinn, Estonia, August 28 – September 1, 2006

Source: 

NTT DoCoMo, Fujitsu, Institute for Infocomm Research, 


Mitsubishi Electric, NEC, Sharp
Title:
Downlink MIMO Scheme in E-UTRA
Agenda Item:

8.5
Document for:
Discussion and Decision
1. Introduction

At the RAN1#44bis meeting, the basic component techniques for downlink MIMO in the E-UTRA were identified [1]. These techniques include employing multiple codewords (a single codeword as a special case of multiple codewords), pre-coding, MIMO mode control, i.e. rank adaptation (transmit diversity is categorized into one of the modes), and multi-user MIMO. In order to maximize the throughput enhancement by using downlink MIMO transmission, we should consider efficient L1/L2 control signaling as described in [2]. Therefore, this paper presents our views on the basic downlink MIMO scheme considering the agreed key techniques in downlink MIMO transmission and efficient L1/L2 control signaling.
Note that in this paper, the term “stream” represents each simultaneously transmitted data symbol (therefore, the number of streams means the number of simultaneously transmitted independent data symbols), while the term “codeword” indicates a single or multiple streams that are coded jointly.

2. MIMO Transmission Method for Downlink Shared Data Channel
· We support MIMO transmission mode control, i.e., rank adaptation for downlink shared data channel

· The optimum MIMO transmission method, i.e., MIMO multiplexing or MIMO diversity, is dependent on the channel conditions of each user equipment (UE) such as the received signal-to-interference plus noise power ratio (SINR) and fading correlation between antennas (rank of the channel)
· Thus, optimum mode selection provides the high data rate or improving received quality to a UE
· Transmit diversity categorized into one of the MIMO modes
· We support the application of codebook-based pre-coding to downlink shared data channel
· Beam-forming gain through pre-coding is beneficial to increasing the received SINR at a UE
· It is also effective in increasing capacity by accommodating multiple UEs with different streams in a cell

However, as discussed in the E-mail reflector after the last RAN1 Ad Hoc meeting in June, it is necessary to minimize the L1/L2 control signaling bits for achieving these MIMO operations. Therefore, we propose using different MIMO transmission methods for localized transmission and for distributed transmission of the downlink shared data channel.

2.1. MIMO Transmission Scheme for Localized Transmission
Localized transmission with frequency domain channel-dependent scheduling is used for the UE in normal conditions with typically low mobility. In this case, pre-coding operation using the feedback information from a UE can track the channel variation. In general, the increase of L1/L2 control signaling overhead to some extent can be accommodated by transmitting the UE-specific L1/L2 control information (i.e., Category 2/3) within the assigned resource blocks (RBs). Thus, we propose the following MIMO transmission schemes for localized transmission. 
· Adaptive control of pre-coding vector using feedback information from a UE 
· The control interval is basically identical to that of the adaptive modulation and channel coding rate (AMC), i.e., every few milliseconds to 10 msec
· Adaptive MIMO mode selection (i.e. rank adaptation) using feedback information from a UE
· Update interval of MIMO mode selection is gradual such that it only tracks average channel condition, i.e., distance-dependent path loss and shadowing variation. One example is to update only at the beginning of communication ~ every several 100 msec [1],[2]
· When the number of streams is one in the MIMO mode selection, the MIMO transmission method becomes pre-coding-based closed-loop transmit diversity similar to Transmit Antenna Array (TxAA) in W-CDMA
To achieve this MIMO transmission, a UE feedbacks the channel quality indicator (CQI), number and/or index of streams and the pre-coding vector (selected codebook index) for each chunk (grouped RBs). Figure 1 shows an example of the MIMO transmission scheme for a UE employing localized transmission of shared data channel.

[image: image1.emf]W4,1 W4,2 W4,3

Frequency

W1,1

Stream 1

Stream 2

Stream 3

Stream 4

4-stream 

transmission 

case

Stream 1

W1,2 W1,3

W2,1 W2,2 W2,3

RB bandwidth or wider (“chunk” bandwidth)

W3,1 W3,2 W3,3

W1,1 W1,2 W1,3

Pre-coding vector 

index

1-stream 

transmission 

case

Assigned radio resources


Figure 1 – MIMO transmission scheme for localized transmission

2.2. MIMO Transmission Scheme for Distributed Transmission
Distributed transmission is used for a UE with under high mobility conditions that has a small payload. We believe that distributed transmission should also be applied to persistent-scheduled UEs [3]. In this case, pre-coding operation based on UE feedback cannot track the channel variation. Moreover, in the persistent-scheduling, the impact of feedback control signal for a UE is significant since the payload size is typically small. Thus, we propose the following MIMO transmission schemes for distributed transmission.
· Use of Space Time/Frequency Block Coding (ST/FBC) or predetermined random pre-coding vector
· Without pre-coding case, STBC or SFBC is used. However, the additional gain by STBC or SFBC should be further investigated
· With pre-coding case, we use pre-decided random pre-coding vector and then, feedback signal from a UE is not necessary. The approach is similar to virtual antenna permutation [4], though virtual antenna permutation needs feedback signal from a UE.
· Adaptive MIMO mode selection (i.e. rank adaptation) using feedback information from a UE
· Update interval of MIMO mode selection is gradual such that it only tracks average channel condition, i.e., distance-dependent path loss and shadowing variation. One example is to update only at the beginning of communication ~ every several 100 msec [1],[2]

· When the number of streams is one in the MIMO mode selection, the MIMO transmission method using the above-mentioned pre-coding becomes ST/FBC or Frequency Switched Transmit Diversity (FSTD) based on pre-decided random pre-coding vector.

To achieve this MIMO transmission, the UE feeds back the average CQI and the number of streams. Figure 2 shows an example of the MIMO transmission scheme for a UE employing distributed transmission of shared data channel assuming the use of the predetermined random pre-coding vector.
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Figure 2 – MIMO transmission scheme for distributed transmission

2.3. Views on Multi-User MIMO Transmission
Multi-user MIMO is beneficial to increase system capacity. However, the multi-user MIMO without pre-coding should not be used, since the inter-stream interference remains in spatial division multiplexing (SDM) without pre-coding and the decoding complexity at a UE in question is increased to remove undesired streams for the other UEs. Therefore, Multi-user MIMO is supported only with pre-coding. 
Therefore, we propose to apply multi-user MIMO with pre-coding only to the UE employing localized transmissions. This is because when multi-user MIMO is applied to distributed transmission UEs with high mobility, we cannot achieve orthogonality between streams to different UEs due to the degradation in tracking capability of pre-coding vector selection against the channel variation. Moreover, the impact of feedback signal for pre-coding becomes significant compared to the small payload size in persistent-scheduling case.
3. L1/L2 Control Channel Structure Considering MIMO Transmission
3.1. Downlink L1/L2 Control Channel

(1) Coding of L1/L2 control information

In [5], we have shown that separate coding of multiple Category 1 L1/L2 control information (e.g., resource assignment) to multiplex UEs and separate coding between Category 1 L1/L2 control information and Category 2/3 information (control information related demodulation and hybrid-automatic repeat request (HARQ) and possibly UE ID) within the same UE are very effective in reducing the required radio resource for L1/L2 control signaling compared to joint coding. This is because in the separate channel coding method, the link adaptation gain through transmission power control exceeds the increasing L1/L2 control information bits and reducing channel coding gain compared to joint channel coding. This separate channel coding method is further preferred considering adaptive MIMO transmission in the downlink shared data channel. This is because that the number of Category 2/3 L1/L2 control information bits for each UE is changed according to the MIMO configuration, especially to the number of streams. Therefore, assuming the separate channel coding method, we propose the following transmission method of L1/L2 control information including MIMO-related information as shown in Fig. 3. Category 1 information part contains RB assignment information. Since the number of streams is transmitted using higher layer signalling in advance, UE can know the number of Category 2/3 information bits before decoding the bits. Furthermore, since the Category 2/3 information is mapped on assigned RBs with good channel condition based on frequency domain channel-dependent scheduling, the increased overhead of Category 2/3 information can be reduced.
Explanation of each of control information is explained in the next sub-section.
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Figure 3 – Generic structure of proposed downlink control signaling
(2) L1/L2 control information considering MIMO transmission

The following set of downlink L1/L2 control information bits, which are related to downlink transmission including MIMO based on the agreed downlink L1/L2 control information in [2], should be considered.
· Coded block of Category 1 control information
· RB assignment
· Indication of assigned localized or distributed virtual RBs common to all streams
· Coded block of Category 2/3 control information
· UE ID
· The UE ID is multiplied with the CRC bits in order to minimize the number of control signaling bits.
· Used pre-coding vector index (or codebook index) (FFS)
· Required only for UE employing localized transmission

· Required for each RB or group of RBs (chunk). The number of bits per chunk is changed according to the number of streams

· If this information is not transmitted, a pre-coded dedicated reference signal must be transmitted.
· Modulation and coding scheme (MCS) information
· For UE employing localized transmission, per stream or per codeword information is required.
· For UE employing distributed transmission, MCS information is common to all streams and all RBs. The application of different MCSs to different codewords considering serial interference cancellation is FFS.
· Hybrid ARQ-related information
· Per codeword information, i.e., common to all streams within the same codeword

· Higher layer control signaling
· Number of streams
· Since the control interval of the MIMO mode is slow (e.g. only at the beginning of communication ~ every several 100 msec), it is desirable to use higher layer signaling to send the MIMO mode information in order to reduce the MIMO specific signaling overhead.

· Indicator of localized or distributed transmission
· This is a one-bit indicator. However, it is desirable to use higher layer signaling to send this indicator since the control interval to change the localized or distributed transmission should be sufficiently slow.

· Type of MIMO: single-user MIMO or multi-user MIMO
Multi-user MIMO is realized only with pre-coding for UE employing localized transmission. When multi-user MIMO is used, coded block of Category 1 control information is common to all spatially multiplexed UEs. Meanwhile, multiple coded blocks of Category 2/3 control information are defined for respective UEs.
3.2. Uplink L1/L2 Control Channel

The following set of uplink L1/L2 control information bits, which are related to the downlink transmission including MIMO, should be considered.

· CQI information

· For UE employing localized transmission, per codeword or per stream information is required for each RB or group of RBs (chunk).
· For UE employing distributed transmission, the average CQI over the entire bandwidth is reported.
· A bit reduction method in the spatial domain such as differential feedback [6], [7], in addition to that for normal single-antenna transmission in [2], should be considered.
· Alternatively, CQI information should be sequentially transmitted for each codeword at every sub-frame [8]. This method reduces the uplink control signaling overhead at the cost of a degraded ability to track changes in the CQI due to fading variation.
· ACK/NACK

· Per codeword information, i.e., common to all streams within the same codeword

· Selected pre-coding vector index or codebook index
· Per stream information, i.e., different among streams within the same codeword
· Report interval of this information can be the same as or less frequent than that for CQI

· Allowable MIMO mode (FFS)

· Required only for UE employing localized transmission

· This information indicates the MIMO modes that are applicable to the UE considering channel conditions and UE capability. Since the control interval of the MIMO mode is slow, it is desirable to use higher layer signaling to send the allowable MIMO mode(s) in order to reduce the MIMO specific signaling overhead.
4. MIMO Transmission Method for Other Downlink Physical Channels
Our views on the MIMO transmission method for other downlink physical channels are as follows.
· MIMO diversity (transmit diversity) should be used to extend coverage for physical channels with fixed data rate
· The optimum transmit diversity scheme is different for each physical channel. However, the number of options should be minimized.
Table 1 lists the proposed MIMO diversity (transmit diversity) scheme for the respective downlink physical channels except for the shared data channel.
Table 1 – Transmit diversity method options for respective downlink physical channels
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(1) Synchronization channel (SCH)

The SCH is the physical channel for a UE to acquire at the initial radio link setup. Thus, the SCH must be received without a priori knowledge of the number of transmitter antennas of the cell. Thus, time switched transmit diversity (TSTD) or delay diversity including cyclic delay diversity (CDD) can be applied to the SCH. In delay diversity scheme including CDD, excessive time resolution may degrade the SCH timing detection accuracy, which we have shown for random access channel (RACH) case [9],[10].  Thus, we prefer the following two candidates for SCH.

· TSTD

· Fixed pre-coding vector switching in time domain 

Figure 4 shows an example of fixed pre-coding vector switching in time domain. In this example, the SCH symbol is transmitted twice per radio frame and a predetermined pre-coding vector is multiplied to the SCH. The predetermined pre-coding vector is different for different SCHs to achieve time diversity. Although the interval of the predetermined pre-coding vector pattern is set to 10 msec in this example, this interval can be extended to several ten milliseconds.
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Figure 4 – Predetermined pre-coding vector pattern for SCH
(2) Broadcast channel (BCH)

Any type of open-loop transmit diversity can be a candidate for BCH transmission, since the transmit diversity scheme can be informed by the SCH sequence to UE before the BCH reception. Currently, block-code based transmit diversity STBC or SFBC, CDD, TSTD or FSTD are candidates [11]-[18]. In four-transmission antenna case, a combination of these schemes is also considered [19], [20]. The selection of the transmit diversity scheme should be based on the following aspects.
· Achievable performance should be prioritized most.
· The transmission power resource of all transmit antennas should be efficiently utilized.
(3) Paging channel (PCH)

Similar to BCH information, the same transmit diversity candidates can be applicable to PCH and paging indicator. Among them, we prefer CDD together with the application of soft-combining reception between cells (sectors) within same Node B for PCH [21]. We have shown the gain of CDD with soft-combining for PCH from the viewpoint of extension of coverage [21]. In the case, cell (i.e., sector)-common reference signal achieves better performance than cell-specific orthogonal reference signal. Then, CDD does not require an orthogonal reference signal between antennas within cell and this property is advantageous for soft-combining with a sector-common reference signal to reduce the overhead of the reference signal.

(4) L1/L2 control channel

In addition to the transmit diversity candidates applicable to the BCH, pre-coding based closed-loop transmit diversity is applicable to the L1/L2 control channel. We believe that pre-coding based closed-loop transmit diversity is advantageous for Coded block 2 in Fig. 3 when multi-user MIMO is used, in order to reduce the radio resource overhead of the Coded block 2 part for multiple UEs. However, in order to use pre-coding based closed-loop transmit diversity, pre-coded dedicated reference signal is necessary in addition to the common reference signal. Therefore, further investigation is necessary.
(5) Multimedia broadcast multicast service (MBMS) channel

We prefer using delay diversity including CDD for the MIMO transmission scheme for the MBMS channel with synchronous multi-cell transmission. This is because in MBMS transmission with single frequency network (SFN) operation, a large frequency diversity gain is already obtained by soft-combining of the received signals from multiple cells. Therefore, the additional transmit diversity gain is small. If we use STBC/SFBC or FSTD is used for the MBMS channel, an orthogonal reference signal should be transmitted. Therefore, the overhead of the reference signal for these transmit diversity schemes doubles compared to CDD. Accordingly, CDD achieves better packet error rate (PER) than STBC/SFBC or FSTD by using a lower coding rate thanks to the smaller reference signal overhead.

Figure 5 shows the average PER comparison between different transmit diversity schemes for the MBMS channel. The simulation parameters are the same as those given in [22]. A common reference signal is mapped every three sub-carriers onto the second and fifth OFDM symbols (Structure B in [22]) for a single-transmission antenna case. When CDD is used, the same reference signal mapping is assumed. When STBC and SFBC are used, the density of the reference signals becomes double in order to generate an FDM based orthogonal reference signal for two transmit antennas. We can see that CDD reduces the required average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) after soft-combining by approximately 1 dB compared to that with STBC.
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Figure 5 – Comparison of transmit diversity schemes for MBMS channel with multi-cell transmission

5. Conclusion

This paper presented our views on a basic downlink MIMO scheme considering the agreed component techniques for downlink MIMO and efficient L1/L2 control signaling.
· MIMO transmission for the shared data channel

· Different MIMO transmission methods for UEs employing localized and distributed transmission

· Multi-user MIMO is applied to only UEs employing localized transmission.
· L1/L2 control signaling considering downlink MIMO transmission for the shared data channel

· Basic L1/L2 control channel structure based on separate coding is proposed

· Required L1/L2 control information is identified both for the downlink and uplink

· MIMO transmission for other downlink physical channels

· Application of  transmit diversity only is suggested

· Transmit diversity schemes recommended for application to the SCH, BCH, PCH, L1/L2 control channel, and MBMS channel are summarized.
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