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1. Introduction
At the RAN1#40bis (Beijing), RAN1#41 (Athens), and RAN1 ad hoc (Sophia Antipolis) meetings, most companies proposed OFDM based radio access in the downlink. Thus, OFDM-based radio access is the most promising scheme in the downlink. MIMO channel transmissions such as MIMO multiplexing (SDM: space division multiplexing) and MIMO diversity are mandatory techniques to improve the achievable data rate or to obtain the space diversity effect. Therefore, this contribution proposes the optimum adaptive modulation and coding (AMC) and hybrid ARQ (HARQ) schemes and their control signaling bits using frequency and time domain channel-dependent scheduling in MIMO channel transmissions. 
2. Definition of Function Blocks
In this section, we define the functions of each block in the transmitter for OFDM-based radio access employing MIMO channel transmissions as shown below.
(1) PDU: Segmentation of IP packet to L2 PDU

(2) CRC: Attachment of CRC

(3) ENC: Channel encoding (Turbo coding is the working assumption) and bit-interleaving are included in the block.
(4) RM: Rate matching by puncturing or repetition to accommodate one or multiple L2 PDUs into the chunk size. Hybrid ARQ function is also included in the block.
(5) MOD: Data modulation, spreading (repetition), and scrambling operation are included in the block.
(6) S/P: Serial-to-parallel conversion. Bit or symbol-interleaving in the space, frequency and time domains is included in the block.
3. AMC and HARQ Using Frequency and Time Domain Channel-Dependent Scheduling in MIMO Multiplexing
Using the notations for the function blocks in Section 2, we investigate the AMC and HARQ structures assuming frequency and time domain channel-dependent scheduling appropriate to MIMO channel transmissions. In the contribution, we assume 2-by-2 MIMO multiplexing.

3.1. Uniform assignment for chunk (frequency) and antenna (space) 
Figure 1 shows the AMC and hybrid ARQ schemes (structures) using frequency and time domain channel-dependent scheduling for MIMO multiplexing. The structures in Fig. 1 assume that chunk assignment and antenna assignment are conducted uniformly in the same layer.
· Structure A: Antenna-common AMC and antenna-common HARQ

Operations of the structure are as follows. In the other structures, we explain only the differences compared to Structure A.
(1) The IP packet is segmented into L2 PDU and the calculated CRC are attached 

(2) Channel encoding is performed. Thus, L2 PDU attached by CRC is a coding block
(3) Based on the CQI (channel quality information) of assigned chunks, i.e., aggregation of accommodated bits in the assigned chunks, rate matching is conducted by puncturing or repetition.  

(4) Data modulation according to the average CQI of the assigned chunks is performed. Furthermore, spreading is conducted if necessary. The cell (Node B)-specific scrambling code is multiplied.

(5) Modulated symbols are distributed into the chunks assigned according to the symbols accommodated at each chunk of each antenna.
The structure has the following features.

· The channel coding rate and data modulation are common to all chunks and all antennas. In this case, the data modulation scheme is selected from the average CQI over multiple assigned chunks.

· HARQ is performed commonly for all chunks and all antennas, i.e., packets for all chunks and all antennas are retransmitted simultaneously in principle (effect of soft-NACK is FFS).
· Structure B: Antenna-dependent AMC and antenna-common HARQ

· The difference of structure B from structure A is that a different data modulation and channel coding rate are used at each chunk of each antenna according to the CQI. The change in the coding rate is performed by puncturing or repetition.
· However, if the channel coding rate is different at the respective chunks within the same coding block, the received SINR, i.e., reliability, of the coded bit differs in the same coding block. As a result, the fluctuation of the received SINR of the coded bit among different chunks becomes large. This brings about a decreasing channel coding gain. 
· Therefore, Structure B is not a good approach.

· Structure C: Antenna-dependent AMC with constant coding rate and antenna-common HARQ

The difference of structure C from structure A is that only the data modulation is changed according to the CQI of each chunk at each antenna. 
· The channel coding block is distributed over all chunks of all the antennas
· Data modulation is different according to the CQI of each chunk at each antenna
· HARQ is performed commonly for all chunks at all antennas simultaneously
· Since the channel coding block is spread over multiple antennas, the signal separation using decision-feedback data symbols after channel decoding is not applied.
· Structure D: Antenna-dependent AMC and antenna-dependent HARQ
· This scheme corresponds to the expansion of the PARC (Per antenna rate control) scheme [1] to frequency and time domain channel-dependent scheduling.
· Unlike structures A, B, and C, each chunk of each antenna employs a different channel coding block. Thus, the channel coding rate is independently decided by rate matching according to the CQI of each chunk at each antenna. 
· Since the channel coding block does not spread over multiple chunks, the use of a different coding rate and data modulation may be beneficial. However, the small size of the coding block affects the achievable coding gain. 
· This scheme is not realistic due to the bottleneck from the huge number of control signaling bits according to the number of chunks and antennas.
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(a) Structure A
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(b) Structure B
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(c) Structure C
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(d) Structure D
Figure 1. Structures of AMC and HARQ using frequency domain channel-dependent scheduling in MIMO multiplexing (Uniform assignment for chunk and antenna)
3.2. Schemes assuming antenna-dependent rate control (PARC: Per antenna rate control)

Next, Fig. 2 shows the AMC and HARQ schemes (structures) using frequency and time domain channel-dependent scheduling for MIMO multiplexing, assuming that antenna-dependent rate control (PARC), i.e. chunk assignment, is located in a sub-layer of the antenna assignment.

· Structure E: Antenna-dependent AMC and antenna-dependent HARQ
· In the PARC scheme [1], all processing to map IP packets into the radio frame is performed independently at each transmission antenna. Thus, one IP packet does not spread over multiple antennas. 

· The operation of antenna-dependent rate control is as follows.
- After the L2 PDU is attached by CRC, it is channel-encoded. 
- The encoded PDU is serial-to-parallel-converted into multiple chunks

- According to the CQI of each chunk, the coding rate is adjusted by rate matching and the appropriate data modulation is assigned.

· Similar to Structure B, no channel coding gain is obtained if the channel coding rate is changed according to the chunk size.
· In conclusion, the scheme is not a good approach.

· Structure F: Antenna-dependent AMC and antenna-dependent HARQ
· The difference of structure F from structure E is that the channel coding rate is controlled commonly for all chunks assigned. 
· The channel coding rate is identical in all chunks, but different at different antennas (this is the difference from Structure C)
· According to the CQI of each chunk, the data modulation, i.e., the number of bits accommodated, is adaptively changed.
· Since one channel coding block does not spread over multiple antennas, the signal separation using the decision-feedback data symbols is applicable.
· Structure G: Antenna-dependent AMC and antenna-dependent HARQ

The structure has the following features

· The channel coding rate and data modulation are common to all chunks in the same antenna. In this case, the data modulation scheme is selected from the average CQI over multiple assigned chunks. 
· The number of required control signaling bits is less than that for Structure F.
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(a) Structure E
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(b) Structure F
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(c) Structure G
Figure 2. Structures of AMC and HARQ using frequency domain channel-dependent scheduling in MIMO multiplexing (per antenna rate control)

Our proposals for the AMC and HARQ operations are as follows when frequency and time domain channel-dependent scheduling is used in MIMO multiplexing
· AMC
· Antenna-dependent AMC is promising, since the average received signal level differs according to transmission antenna in a real propagation environment.
· In this case, the channel coding rate should be the same within the same coding block, even if the coding block is spread over multiple chunks and antennas. Thus, we employ adaptive modulation control and spreading (repetition) according to the CQI of each chunk.
· There are two schemes for designing the channel coding block in MIMO multiplexing:

- Coding block over multiple antennas: One channel coding block is spread over multiple antennas. In this case, the rate at each antenna should be controlled by modulation and spreading (repetition).
- Coding block in one antenna: Each transmission antenna employs different coding blocks, i.e., the channel coding block is closed within the same transmission antenna.
( DoCoMo’s current recommendation is the coding block in one antenna.
· HARQ

· It is anticipated that a large frequency diversity gain is obtained in antenna-common channel encoding rather than antenna-dependent channel encoding, However, the difference is small when there are many paths such as in the TU model.
· Furthermore, considering the implementation of the Turbo decoder, the antenna-dependent encoding scheme is better than antenna-common encoding scheme.
· As a result, DoCoMo’s current recommendation is antenna-dependent HARQ.
· The effect of Soft NACK in antenna-common channel encoding is for further study.
· DoCoMo‘s current recommendation is Structure F (Structures C, G, A are FFS).
4. Chunk Assignment in MIMO Multiplexing

It may be possible to assign transmission signals to different sets of UE from multiple antennas taking advantage of spatial orthogonality (e.g., different beams) with the same chunk at the same sub-frame, i.e., miltiuser MIMO. However, our proposed scheme is the transmission scheme such that the same chunks for all antennas should be assigned to one user as shown in Fig. 3 based on the following reasons. 
· When the same chunks are assigned to other users, the achievable performance is degraded except for the MMSE method due to degraded signal detection accuracy.
· Computational complexity for decoding the transmission data sequence from other users is increased more than in the proposed scheme
· Signaling bits for chunk assignment can be decreased in the proposed scheme
Thus, in the radio resources with time, frequency, and space, we use the time and frequency domain orthogonality to separate different sets of UE, because the orthogonality among multiple sets of UE is maintained almost perfectly. Maintaining the orthoghonality using the spatial domain is affected by the locations of the UE and the signal separation capability.
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Figure 3 – Proposed chunk assignment in MIMO multiplexing
5. Control Signaling Bits in MIMO Multiplexing
In this section, we investigate the control signaling bits required in MIMO multiplexing.

5.1. Control signaling bits for MIMO multiplexing/diversity
The following control signaling bits are necessary for MIMO multiplexing/diversity

(1) The number of transmission antennas and antenna index

Our assumption in the downlink OFDM based radio access

- The number of maximum transmission antennas is four
- The number of transmission antennas is selected from one, two, three, and four
Therefore, four bits are necessary

(2) Types of transmission schemes in MIMO channels
Our proposal is four schemes: MIMO multiplexing, MIMO diversity, hybrid of MIMO multiplexing/diversity, and adaptive beam forming

( Therefore, two bits are necessary
It should be noted that when the change in speed of these control signaling is slow, the control signaling bits can be transmitted as an L3 signal by the user data.

5.2. Control signaling bits for channel-dependent scheduling
In the frequency and time domain channel-dependent scheduling, the following control signaling bits are necessary: UE identity and chunk allocation information. Table 1 indicates the required control signaling bits for structures A, C, F, and G.

Table 1 – Required Control Signaling Bits for Scheduling
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5.3. Control signaling bits for AMC

In AMC, the following control signaling bits are necessary: Modulation scheme and transport-block size information. Table 2 indicates the required control signaling bits for structures A, C, F, and G.

Table 2 – Required Control Signaling Bits for AMC
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5.4. Control signaling bits for HARQ
In HARQ, the following control signaling bits are necessary: HARQ process information, redundancy version/constellation version, and the new data indicator. Table 3 indicates the required control signaling bits for structures A, C, F, and G.

Table 3 – Required Control Signaling Bits for HARQ
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6. Reduction of CQI Bits in MIMO Multiplexing
In principle, the CQI information of each chunk at each sub-frame (TTI) for each transmission antenna is fed back to the BS by the uplink control channel. However, considering the available CQI bits in the uplink, the number of CQI bits must be decreased.
· Reduction in the number of CQI bits in time and/or frequency and/or spatial domains
· Grouping of transmission antennas and/or chunks and/or sub-frames 

· Average CQI bits of each spatial, frequency, time group are reported

· Report of differential CQI information in time and/or frequency and/or spatial domains
· Generation and report of differential CQI bits among antennas and/or chunks and/or sub-frames
· Differential CQI bits in spatial, frequency, time domains are reported

7. Conclusion

This contribution proposed the optimum adaptive modulation and coding (AMC) and hybrid ARQ (HARQ) schemes using frequency and time domain channel-dependent scheduling in MIMO channel transmission. This contribution also presented the control signaling bits required for these techniques in MIMO multiplexing/diversity.
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