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1. Introduction

In TR36.814 v0.4.1 [1], it is specified that in the uplink (UL) single user spatial multiplexing, up to two transport blocks (TBs) or codewords (CWs) can be transmitted from a scheduled UE in a subframe per uplink component carrier.  In the 3GPP RAN1 text proposal R1-091666 [2], it is agreed that each TB has its own modulation and coding scheme (MCS) level to enjoy the layer cancellation benefit, and also the time-domain layer shifting could be configured or not.  

· If layer shifting is configured, the HARQ-ACKs for all TBs are bundled into a single HARQ-ACK.  One-bit ACK is transmitted to the UE if all TBs are successfully decoded by the eNodeB.  Otherwise, one-bit NACK is transmitted to the UE. 

· If layer shifting is not configured, each TB has its own HARQ-ACK feedback signalling.
In other words, once the layer shifting is configured, it is combined with spatial bundling of HARQ-ACKs.

In this contribution, we provide the link level throughput performance to compare no spatial bundling of HARQ parameters including ACK/NACK, NDI and RV without layer shifting and spatial bundling of HARQ parameters with layer shifting, in the case of non-adaptive synchronous HARQ for LTE-Advanced UL.

Furthermore, based on the agreed codebook for 2-Tx in R1-091666 [2], for HARQ-ACKs spatial bundling with layer shifting, we utilize the PMI to indicate one of two TBs to be retransmitted in order to avoid retransmitting the redundant TB.
2. No HARQ-ACK Spatial Bundling without Layer Shifting
Fig. 1 shows the transmitter structure of rank-2 UL transmission using 2 TBs for 2-Tx in the case of no HARQ-ACK spatial bundling and no layer shifting.
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Fig. 1 Transmitter structure for no HARQ-ACK spatial bundling without layer shifting
With two separate sets of MCS, ACK/NACK, NDI and RV for two TBs respectively, the retransmitted TB which is decoded unsuccessfully in last transmission and the new TB could be spatial multiplexed in the current transmission.  However, for UL non-adaptive HARQ, allowing the spatial multiplexing of the retransmitted TB and the new TB may incur the resource is reserved for a long time, which reduces the scheduling flexibility seriously.
According to the agreed codebook for 2-Tx as shown in Table 1, for this full-rank transmission with 2 TBs, the feedback RI = 2 and PMI = 0, i.e., an identity precoding matrix.
Table 1. 3-bit precoding codebook for UL spatial multiplexing with 2-Tx
	Codebook index
	Number of layers 
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3. HARQ-ACK Spatial Bundling with Layer Shifting
Fig. 2 illustrates the transmitter structure of rank-2 UL transmission using 2 TBs for 2-Tx in the case of HARQ-ACK spatial bundling with layer shifting.
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Fig. 2
Transmitter structure for HARQ-ACK spatial bundling with layer shifting
The two TBs have two independent MCSs but a single shared ACK/NACK, NDI and RV.  When the HARQ feedback is NACK, without additional indication, we can neither know the number of TBs decoded incorrectly in last transmission nor distinguish which TB is decoded incorrectly if one of two TBs is decoded correctly.  
If both TBs are correctly or incorrectly decoded, two new TBs are transmitted or both old TBs are required to retransmit simultaneously.  For both cases, it is little throughput performance loss compared to no HARQ spatial bundling scenario.   
If one TB is decoded successfully and the other TB is decoded incorrectly in last transmission, it is necessary to retransmit both the correct TB and the erroneous TB due to the HARQ spatial bundling.  However, the retransmission of the correct TB is redundant.  Moreover, the spatial multiplexing of correct TB and erroneous TB introduces additional co-channel interference, which decreases the performance gain of retransmitting the erroneous TB.
To address the abovementioned issue, we utilize the transmit antenna selection indexed by PMI to indicate the TB(s) to be retransmitted.  For the 1st retransmission, when the bundled HARQ feedback is NACK, we can define the retransmission indicating by PMI as follows,

· RI=2 and PMI=1 indicate that both TBs should be retransmitted.

· RI=1 and PMI=4 indicate that the 1st TB should be retransmitted and it is not necessary to retransmit the 2nd TB;

· RI=1 and PMI=5 indicate that the 2nd TB should be retransmitted and it is not necessary to retransmit the 1st TB.
Thus it is avoided to retransmit the TB decoded successfully in last transmission.  
According to the above defined retransmission indicating, 

· RI=1 and PMI=0, 1, 2 and 3 implies that the NACK should be ACK, which may be decoded incorrectly.

Therefore, the HARQ ACK/NACK could be verified by PMI partially with this retransmission indicating definition. 

Even for HARQ spatial bundling, the rank-1 transmission with 1 TB could be realized by PMI indication.  Furthermore, for the retransmissions of this TB greater than 2, the dynamic rank adaptation could be performed with RI and PMI.
4. Link level simulation results

In this section, we provide the link level simulation results to compare HARQ-ACKs spatial bundling with layer shifting to no HARQ-ACKs spatial bundling without layer shifting.  In the simulation, we assume 2 MCS and 2 ACK/NACK for the scenario of no HARQ-ACKs spatial bundling without layer shifting as well as 2 MCS and a single shared ACK/NACK for the scenario of HARQ-ACKs spatial bundling with layer shifting. The remaining simulation parameters and assumptions are listed in Table. 1.

Table. 1 Simulation parameters and assumptions 

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	10 MHz (FFT size N=1024)

	TTI length
	1.0 ms (i.e., 1 subframe or 2 slots)

	Number of allocated RBs  per component carrier
	7

	DFT size (M)
	84 (i.e., 7 RUs)

	MCS
	QPSK: R=1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 5/6

16QAM: R=1/2, 3/5, 2/3, 3/4, 5/6
64QAM: R=3/5, 2/3, 3/4, 4/5

	Layer shifting pattern
	Slot level

	BLER target for 1st transmission
	10%

	HARQ
	HARQ scheme
	Chase Combining

	
	Round trip delay
	8ms

	
	Max number of retransmissions
	3 (total of 4 transmissions)

	Subcarrier mapping
	Localized

	Spatial Channel model
	3GPP SCME with fixed parameters

	Scenario
	Urban micro (NLOS)

	Antenna configurations
	2 antennas at UE with 0.5 wavelength spacing 

2 antennas at NodeB with 10 wavelengths spacing

	Velocity
	3kmph

	Channel Estimation
	Perfect channel estimation

	MIMO receiver
	MMSE receiver

	Turbo decoder
	Linear-log-MAP (i.e., MAX-log-MAP plus linear correction function) with 8 iterations

	Definition of SNR
	The total received power per receive antenna to the noise power ratio in frequency domain

	Antenna Gain Imbalance (AGI)
	0dB
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Fig. 3  Spectral efficiency comparison between HARQ spatial bundling with layer shifting and no HARQ spatial without layer shifting

In Fig. 3, the link-level simulation results are shown to compare HARQ spatial bundling and no HARQ spatial bundling in the case of AGI of 0dB and linear MMSE receiver.  Without the PMI retransmission indicating, the HARQ spatial bundling with layer shifting has about 1dB spectral efficiency loss compared to no spatial bundling of HARQ parameters and no layer shifting, since both TBs are retransmitted if anyone of the two TBs is decoded incorrectly in last transmission.  But with the PMI retransmission indicating, the enhanced HARQ spatial bundling with layer shifting has nearly little spectral efficiency loss compared to no HARQ bundling scenario.
5. Conclusions
In this contribution, it is demonstrated that we can further compensate the performance loss of HARQ bundling by investigating the enhanced HARQ spatial bundling method.

By using the special PMIs to indicate the TB(s) to be retransmitted for 2-TB transmission with HARQ spatial bundling, the correctly decoded TB is not required to retransmit.  Thus the transmit power is saved and the inter-TB co-channel interference is avoided, which results in the performance improvement of the retransmissions.  In addition, by using the exist PMIs, no additional signaling overhead is required.
Since the reduced PHICH resource could be achieved through HARQ spatial bundling for both TBs, as well as the performance loss of HARQ spatial bundling with layer shifting could be compensated by retransmission indicating, we think the spatial bundling with layer shifting is preferred for LTE-Advanced UL SU-MIMO.   
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