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1. Introduction
At the RAN1#58bis meeting in Miyazaki, the necessity of layer shifting and HARQ spatial bundling for UL SU-MIMO in LTE-Advanced was discussed [1-10]. However, no consensus was reached on the down selection of one of the two options, i.e., (1) no layer shifting + no HARQ spatial bundling or (2) layer shifting + HARQ spatial bundling. In this contribution, we first evaluate the throughput performance between no layer shifting and layer shifting based on a link-level simulation considering the agreed simulation assumptions at the RAN1#58bis meeting such as the flashlight effect and antenna gain imbalance (AGI). Then, we further analyze whether layer shifting + HARQ spatial bundling is really beneficial from the viewpoint of control signaling overhead for UL SU-MIMO.
2. Simulation Evaluation
In this section, we provide a throughput performance comparison between (1) no layer shifting + no HARQ spatial bundling and (2) layer shifting + HARQ spatial bundling.
2.1
Simulation Conditions

Table 1 gives the major radio 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. When layer shifting is applied, layer shifting per SC-FDMA symbol is performed. 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 or 55.5 Hz, which corresponds to the moving speed of 3 and 30 km/h at the carrier frequency of 2 GHz, respectively.
At the eNodeB receiver, we assume ideal FFT timing detection. However, 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) signal detection method employing two receiver antennas is employed. Finally, the calculated log likelihood ratio (LLR) stream is soft-decision turbo decoded with eight iterations to recover the transmitted binary data. 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 MCS selection in 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. When layer shifting is applied, we employ the bundled HARQ parameter between two codewords (CWs), i.e., HARQ spatial bundling. Furthermore, based on the aligned simulation conditions, we evaluate the throughput performance with/without considering the flashlight effect and AGI.

Table 1 – Simulation Parameters
	System bandwidth
	10 MHz

	Occupied UE Tx bandwidth
	900 kHz (5 RBs)

	Subframe length
	1 msec

	SC-FDMA symbol duration
	Effective data
	66.7 sec

	
	CP
	4.7 sec

	Data modulation
	QPSK, 16QAM, 64QAM

	Channel coding / decoding
	Turbo coding (R = 1/3 – 5/6, K = 4 bits)

/ Max-Log-MAP decoding

	MIMO antenna configuration
	2-by-2 SU-MIMO with 2-stream

	Antenna gain imbalance (AGI)
	0, 6 dB

	DM-RS multiplexing
	CDM with different cyclic shifts

	Channel model

(Maximum Doppler frequency)
	Vehicular A

(fD = 5.55, 55.5 Hz)

	Flashlight effect
	Without / With flashlight effect 

(3-dB lognormal variation as flashlight effect)

	Channel estimation
	DM-RS based realistic channel estimation

	Signal detection method
	MMSE

	Measurement delay
	10 msec

	HARQ
	Combining scheme
	Incremental redundancy

	
	Round trip delay
	8 msec


2.2
Simulation Results
Figure 1 shows a throughput performance comparison between no layer shifting and layer shifting when there is no flashlight effect, i.e., no inter-cell interference fluctuations. The condition is considered to be to some extent realistic especially in the case of an indoor scenario with very low inter-cell interference. Figures 1(a) and 1(b) show the throughput performance for AGI = 0 dB and 6 dB, respectively. The fD is set to 5.55 Hz. Figures 1(a) and 1(b) show that the throughput performance of no layer shifting is superior to that for layer shifting. Especially when AGI is 6 dB, the performance of layer shifting is severely degraded compared to no layer shifting at the high received SNR region.

Figures 2(a) and 2(b) show a throughput performance comparison taking into account the flashlight effect of 3-dB lognormal variation for fD = 5.55 Hz and 55.5 Hz, respectively. This assumption is realistic especially in interference-limited scenarios, and the condition is relatively favorable to layer shifting especially in higher mobility environments. AGI is set to 0 dB. Figure 2(a) shows that although the throughput gain for no layer shifting over layer shifting is reduced compared to that in Fig. 1(a), we still observe some performance gain for no layer shifting. Figure 2(b) shows that under medium mobility conditions, the throughput performance degradation compared to Fig. 2(a) with no layer shifting is more significant than that with layer shifting. However, the achievable performance for no layer shifting is still compatible with that for layer shifting.
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 (a) AGI = 0 dB           


            (b) AGI = 6 dB
Figure 1 – Throughput performance comparison between no layer shifting and layer shifting 
with no flashlight effect

   [image: image3.emf]0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 5 10 15 20 25 30

Throughput (Mbps)

Average received SNR per receiver branch (dB)

Flashlight effect: 3 dB lognormal variation

AGI = 0 dB

f

D

= 5.55 Hz

MMSE receiver

No Layer shifting +

no HARQ bundling

Layer shifting + 

HARQ bundling

     [image: image4.emf]0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 5 10 15 20 25 30

Throughput (Mbps)

Average received SNR per receiver branch (dB)

Flashlight effect: 3 dB lognormal variation

AGI = 0 dB

f

D

= 55.5 Hz

MMSE receiver

No Layer shifting +

no HARQ bundling

Layer shifting +

HARQ bundling


 (a) fD = 5.55 Hz           


             (b) fD = 55.5 Hz
Figure 2 – Throughput performance comparison between no layer shifting and layer shifting
 considering flashlight effect
3. Analysis of Control Signaling Overhead
In this section, we discuss whether or not control signaling overhead is really critical issue for no layer shifting + no HARQ spatial bundling.
It is considered that one possible disadvantage of no layer shifting + no HARQ spatial bundling is that two PHICH resources are necessary [10]. However, we consider that it is not necessary to have two PHICH resources in the case of no layer shifting when there exist 2 new data indicator (NDI) fields in the UL grant. We explain the reason hereafter.
First of all, we consider the meaning of PHICH ACK/NAK indication. PHICH-NAK requires for UE to retransmit the previously transmitted data in the same RBs. On the other hand, PHICH-ACK requires for UE to stop retransmission of the previously transmitted data, not to transmit a new data. This indicates that if new data is transmitted for at least one CW, the UL grant with toggled NDI is necessary.
More specifically, Table 2 gives an envision of HARQ operation of UL SU-MMO transmission with two CWs when one PHICH resource and UL grant are used. Note that two sets of NDIs and RVs (included in TBS fields) are defined in the UL grant.
Table 2 – Envision of HARQ operation of UL SU-MIMO with two CWs
	
	Non-adaptive retransmission
	Adaptive retransmission

	Two CWs falsely decoded
	PHICH to indicate NAK to introduce the retransmission of both CWs
	UL grant to indicate data retransmission of both CWs for adaptive HARQ

	Two CWs successfully decoded
	PHICH to indicate ACK to stop the retransmission of both CWs
	UL grant to indicate new data transmission of either/both CWs, if new data to be transmitted is left in the buffer

	Either of two CWs falsely decoded
	PHICH to indicate ACK(*) to stop the retransmission of both CWs 
or
PHICH to indicate NACK to introduce the retransmission of both CWs
	UL grant to indicate new data transmission/disable or retransmission of respective CW


 (*) PHICH ACK indication originally means that the transmitted data may be successfully decoded. Therefore, even when PHICH-ACK is received, UE does not flush the transmitted data until toggled NDI is received. Therefore, sending PHICH-ACK has no problem in this case.
Although further discussion is necessary, we currently consider that only one PHICH resource is sufficient in the case of no layer shifting.
Another possible advantage of layer shifting is the saving of UL grant. However, it was agreed that two MCS (or TBS) fields are defined for UL SU-MIMO at RAN1#56bis meeting. Here, RV fields have already been included in the TBS field of the UL grant. Therefore, the benefit of reducing the UL grant overhead by using layer shifting is only 1 bit, i.e., NDI for the second CW. Even when differential MCS approach is applied for the second CW, the additional overhead reduction is only 1-2 bits [10]. 
Therefore, from the control signalling overhead perspective, we do not find the benefit of layer shifting + HARQ bundling. In conclusion, our preference on this issue is to support only no layer shifting + no HARQ spatial bundling.
4. Conclusion
This contribution evaluated the throughput performance between (1) no layer shifting + no HARQ spatial bundling and (2) layer shifting + HARQ spatial bundling for UL SU-MIMO in LTE-Advanced based on a link-level simulation considering the agreed simulation assumptions. Based on the simulation results, from the viewpoint of performance in Section 2, no layer shifting + no HARQ spatial bundling achieved better performance than layer shifting + HARQ spatial bundling in many conditions. Even under medium mobility conditions such as the moving speed of 30 km/h considering the flashlight effect with 3-dB lognormal variation, the throughput for no layer shifting was comparable to that for layer shifting. Furthermore, from the viewpoint of control signaling, we do not see a substantial benefit from HARQ spatial bundling at this stage. Therefore, we support no layer shifting + no HARQ spatial bundling for UL SU-MIMO in LTE-Advanced.
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