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1. Introduction
At the last RAN1#60 meeting in San Francisco, it was agreed that layer shifting is not applied to UL SU-MIMO transmission in LTE-Advanced [1]. One of the remaining issues regarding UL SU-MIMO is the scheme of HARQ support and its required control signaling, i.e., how many PHICH indication signals and toggled new data indicator (NDI) fields in the UL grant are necessary for the efficient operation of UL SU-MIMO with two codewords (CWs) from the viewpoint of performance and the control signaling overhead. This contribution investigates the impact of HARQ spatial bundling, i.e., bundling of the PHICH and/or toggled NDI, to support UL SU-MIMO with no layer shifting.
2. HARQ Operation Schemes and Required Control Signaling
The most important point that needs to be considered for HARQ operation of UL SU-MIMO with two CWs is how to handle data retransmission in the case where one of the two CWs is falsely decoded as shown in Fig. 1. Meanwhile, when both CWs are falsely or successfully decoded, the HARQ operation is totally same as that in the single antenna transmission case. For simplicity, it is assumed that the 1st CW data signal is falsely decoded and the 2nd CW data signal is successfully decoded at the eNode B receiver. There are three alternatives considered as synchronous HARQ operation schemes as shown in Fig. 1.
· Alt. 1: Retransmission of the same 1st and 2nd CW data as those transmitted at the initial transmission.
· Alt. 2: Retransmission of only the 1st CW data signal, which is the same as that transmitted at the initial transmission, and no transmission of the 2nd CW data signal.

· Alt. 3: Retransmission of the 1st CW data signal, which is the same as that transmitted at the initial transmission, and new data transmission of the 2nd CW data signal.
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Figure 1 – Alternative HARQ operation schemes when either of two CWs is falsely decoded

The required minimum number of PHICH indication signals and toggled NDI fields in the UL grant are shown in Table 1. Alternative 1 corresponds to the operation in the case of HARQ spatial bundling, and it requires only a set comprising a PHICH indication signal and toggled NDI. Alternative 2 requires 2 PHICH indication signals to retain the data retransmission of only 1 CW. Finally, Alternative 3 requires 2 toggled NDIs in the UL grant to transmit the new data of 1 CW. Here, we note that only one PHICH indication signal is necessary for Alt. 3 since the UL grant with a toggled NDI is necessary for new data transmission in the case of non semi-persistent scheduling [2]. In Section 3, we first compare the throughput performance of the three alternatives based on link level simulations to clarify the required number of PHICH indication signals and toggled NDI fields in the UL grant.
Table 1 – Required Minimum Number of PHICH Indications and Toggled NDIs in UL Grant
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3. Simulation Evaluation
3.1
Simulation Conditions

Table 2 gives the major radio link parameters assumed in the simulation evaluation. In this evaluation, the total system bandwidth is set to 10 MHz. One subframe contains 14 SC-FDMA symbols, each of which comprises a 66.7 sec effective symbol and a 4.7 sec cyclic prefix (CP). At the UE transmitter, information bits are channel-encoded using a turbo code with the coding rate of R = 1/3 – 5/6 and data modulated using QPSK, 16QAM and 64QAM. The occupied transmission bandwidth is set to 900 kHz (= 5 RBs). The data modulated symbol sequence is fed into a discrete Fourier transform (DFT) precoder with the length of 60. Subsequently, an inverse fast Fourier transform (IFFT) converts the frequency-domain signal into a time-domain signal. Finally, a CP is appended to each FFT block. We employ 2-by-2 SU-MIMO transmission. A Zadoff-Chu sequence is used as the demodulation reference signal (DM-RS) sequence. The DM-RS symbols are time division multiplexed with the shared data symbols. DM-RS symbols from different transmission antennas are code division multiplexed using different cyclic shifts.

We assume a Vehicular A channel model with the fading maximum Doppler frequency, fD, of 5.55, which corresponds to the moving speed of 3 km/h at the carrier frequency of 2 GHz, respectively.
At the eNode B receiver, we assume ideal FFT timing detection. The channel gain of each subframe at each subcarrier is actually estimated by coherently weight-averaging the DM-RS within the subframe. The minimum mean square error (MMSE) or the turbo successive interference canceller (SIC) signal detection method employing two receiver antennas is employed. The number of interference cancellation stages for the turbo SIC receiver is set to one. In the cancellation stage, we assume soft-decision turbo decoding using Max-Log MAP decoding with two iterations. Finally, the calculated log likelihood ratio (LLR) stream is soft-decision turbo decoded with six and eight iterations to recover the transmitted binary data for the turbo SIC and MMSE receiver, respectively. In the evaluation, although the transmission rank is fixed to two, adaptive modulation and coding (AMC) is performed to select the highest modulation and coding scheme (MCS) according to the received signal-to-noise power ratio (SNR) that meets the 10% block error rate (BLER) target based on outer-loop control. Considering the impact of the channel quality indicator (CQI) delay/periodicity, the control delay of the AMC is set to 10 msec. We use incremental redundancy as HARQ with packet combining and the round trip delay for retransmission is set to 8 msec. Furthermore, we evaluate the throughput performance considering the flashlight effect and antenna gain imbalance (AGI).

Table 2 – Simulation Parameters
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3.2
Simulation Results
Figure 2 shows a throughput performance comparison among the three alternative HARQ operation schemes when there is no flashlight effect, i.e., no inter-cell interference fluctuations. Figures 2(a) and 2(b) show the throughput performance for AGI = 0 dB and 6 dB, respectively. The performance employing the turbo SIC and MMSE receivers are given. Figures 2(a) and 2(b) show that Alt. 3 achieves better performance compared to Alt. 1 and Alt. 2 irrespective of the receiver types and AGI. This figure also shows that there is no observable performance difference between Alt. 1 and Alt. 2.
Figure 3 shows a throughput performance comparison taking into account the flashlight effect of 3-dB lognormal variation. The AGI is set to 0 dB in the figures. Figure 3 shows that similar to Fig. 2, the throughput performance levels of Alt. 1 and Alt. 2 are almost identical. We also find that although the throughput gain of Alt. 3 over Alt. 1 and Alt. 2 is reduced compared to that in Fig. 2(a), we still observe some performance gain for Alt. 3.
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Figure 2 – Throughput performance comparison without flashlight effect
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Figure 3 – Throughput performance comparison with flashlight effect
4. Views on Required Number of PHICH Indication signals and NDI Fields
Based on the simulation results in Section 3, Alt. 3 achieves better throughput performance compared to Alt. 1 and Alt. 2. Therefore, doubling the number of toggled NDI fields is beneficial to increasing the throughput performance. Therefore, we consider that two NDI fields should be prepared for UL grant of SU-MIMO with two CWs. However, one disadvantage to Alt. 3 is that the ratio of using the UL grant to request a new data transmission is increased, since the UL grant is necessary when either of the CWs is newly transmitted. This may be critical if PDCCH resources are not sufficient, e.g., when many UEs are co-scheduled within one TTI. In that case, the ACK/NAK indication signal via the PHICH is beneficial to reducing the control signaling overhead at the sacrifice of degrading the throughput performance. Alt. 1 and Alt. 2 are considered for the ACK/NAK indication via the PHICH. Here, no performance difference is observed between Alt. 1 and Alt. 2 as shown in Figs. 2 and 3. Therefore, doubling the number of PHICH indication signals for UL SU-MIMO does not contribute to the performance improvement. Here, another slight benefit of two PHICH indications (Alt. 2) is the reduction of interference to other cells by retaining the transmission of 2nd CW. However, since the UE transmitting SU-MIMO with two CWs is located near the cell-site with high geometry, the gain by reducing the inter-cell interference is limited to small. Furthermore, additional standardization effort is necessary to decide the PHICH resource allocation for the 2nd CW if two PHICH indications are supported. Therefore, one PHICH indication seems sufficient if PHICH indication is used for the retransmission of either of the two CWs. Our views are summarized below.
· Having two toggled NDI fields in the UL grant (Alt. 3), i.e., no spatial bundling of the NDI fields, is beneficial to increasing the throughput performance.

· Spatial bundling of the PHICH indication signals does not impact the throughput performance. There is the possibility that two PHICH indications is beneficial to reducing the inter-cell interference, but the achievable gain would be limited considering the geometry of the UE with SU-MIMO transmission using two CWs. Furthermore, additional standardization effort is necessary to decide the PHICH resource allocation for the 2nd CW if two PHICH indications are supported. Therefore, one PHICH indication seems sufficient considering the limited benefit.
· Both PDCCH indication and one PHICH indication are supported for data retransmission. Whether to use two toggled NDIs (Alt. 3) or one PHICH indication signal (Alt.1) for data retransmission of either of the two CWs is an operational matter.
· What needs to be specified is the specification of UL grant to support UL SU-MIMO and the definition for the PHICH ACK/NAK indication for the UL SU-MIMO transmission with two CWs, i.e., a PHICH NAK indication signal means the retransmission of both CWs and PHICH ACK means to retain the retransmission of both CWs.
5. Conclusion
This contribution investigates the impact of HARQ spatial bundling, i.e., bundling of the PHICH and/or toggled NDI, to support UL SU-MIMO with no layer shifting. Our views from the viewpoint of throughput performance and control signaling overhead are given below.
· Having two toggled NDI fields in the UL grant (Alt. 3) is beneficial to increasing the throughput performance.

· Spatial bundling of the PHICH indication signals does not impact the throughput performance. Furthermore, if two PHICH indications are supported, additional standardization effort is necessary to decide the PHICH resource allocation for the 2nd CW. Therefore, one PHICH indication seems sufficient.
· Both PDCCH indication and one PHICH indication are supported for data retransmission. Whether to use two toggled NDIs (Alt. 3) or one PHICH indication signal (Alt.1) for data retransmission of either of the two CWs is an operational matter.

· What needs to be specified is the specification of UL grant to support UL SU-MIMO and the definition for the PHICH ACK/NAK indication for the UL SU-MIMO transmission with two CWs, i.e., a PHICH NAK indication signal means the retransmission of both CWs and PHICH ACK means to retain the retransmission of both CWs.
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