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1. Introduction

In RAN1 #56bis meeting, it was agreed that options for layer shifting and HARQ spatial bundling combination narrowed down as a progress so that following two options are remained for further study [1]. 

· Option 1: No HARQ spatial bundling and no layer shifting

· Option 2: HARQ spatial bundling with layer shifting

Also, in RAN1 #58bis meeting, following simulation parameters were agreed for further alignment [2].

· Provide correlation statistics of error events of two TBs

· The throughput results should be accompanied by the assumptions on the respective BLER targets of 2 CWs 
· Composite UL-CQI delay/periodicity impact: Measured in subframe n, apply in n+10

· Gaussian noise (in lognormal)  is added to the SINR upon which the link adaptation is based

· This noise is to model the uncertainty of UE power headroom, flashlight effect, channel estimation error

· Exact method to be further discussed, e.g. 2-3dB (lognormal) variation for flashlight effect

· Link adaptation should assume the highest MCS that still meets 10%  BLER target (outer loop)
In this contribution, we further evaluate remaining two options according to the agreed simulation parameters.

_____________________________________________________________________
2. Link-level Performance Evaluation
In this section, we investigate the link level performance according to HARQ spatial bundling and layer shifting. In this simulation, we assume perfect channel estimation. For the layer shifting scheme, we assume SC-FDMA symbol level layer shifting because receiver complexity is almost same as that of no layer shifting. Also, remaining simulation assumptions are listed in the Table 1.

Table 1. Basic simulation assumption

	Parameter
	Assumption

	Multiple Access Scheme for UL
	SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5MHz

	Subframe structure
	PUSCH

	Allocated RBs
	4RBs

	Channel Model
	6-ray TU

	Mobile Speed
	3km/h and 30km/h

	Channel Estimation
	Perfect estimation

	Flashlight effect
	No

	Feedback delay and period
	10ms

	Modulation and Coding
	27 states MCS entries

	HARQ modeling
	Chase Combining

	Max number of retransmissions
	4 (In addition to new transmission)

	Transmit scheme
	Spatial Multiplexing – 2CWs

	Codeword to layer mapping
	codeword to layer mapping in Rel-8

	Channel coding
	Turbo code: max-log MAP

	Antenna configuration
	2Tx-2Rx

	Antenna correlation
	(0%, 0%)

	MIMO receiver
	MMSE, MMSE-SIC

	Layer shifting
	SC-FDMA symbol level

	Antenna Gain Imbalance (AGI)
	0dB, 6dB


·  MMSE receiver
Figure 1 shows link throughput performance when MMSE receiver is used. In low mobility and no AGI case, layer shift and no layer shift shows same performance because correlation statistics of error event is increased by layer shifting as shown in table 2. In case of impaired link adaptation, layer shift provides robust performance even though antenna gain imbalance is existed since it reduces channel variation by exploiting diversity gain of virtual antennas. 
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(a) AGI (0 dB)                                                   (b) AGI (6 dB)
Figure 1. Link throughput performance (In case of MMSE receiver) 
Table 2 provides probabilities of error events considering 2 transport blocks with MMSE receiver. These events are observed at higher geometry (i.e., 24dB) and low mobility (i.e., 3km/h) environment. In case of no layer shift, we can see that the probability of having errors on both transport blocks (TBs) simultaneously is closed to  1% and the probability of having any errors in TBs is about 19% since the target BLER of each TB is set to 10%. If layer shift is employed for multi-codeword transmission, each transport block can experience similar spatial channel environment. Therefore, the correlation of the error event is significantly increase by employing layer shifting. In this case, simultaneous success probability of 2 transport block becomes almost 90% and fail probability is 10%.
Table 2. Error event of 2 transport blocks (In case of MMSE receiver)

	
	AGI (0 dB)
	AGI (6 dB)

	
	No LS
	LS
	No LS
	LS

	P(S,S)
	80%
	90%
	80.8%
	89.9%

	P(S,F)
	P(F)


	9%
	20%
	3%
	10%

	9.2%
	19.2%


	3.1%
	10.1%



	P(F,S)
	
	10%
	
	2%
	
	9%
	
	2.1%
	

	P(F,F)
	
	1%
	
	5%
	
	1%
	
	4.9%
	

	P(F,F) / P(F)
	5%
	50%
	5.2%
	48.5%


· ‘S’ denotes decoding success and ‘F’ means decoding fail.
· SNR = 24dB, Velocity = 3km/h
Figure 2 shows BLER performance of 1st transmission. In this simulation, we assume outer-loop power control to meet 10% target BLER of 1st transmission. In case of no layer shifting, outer-loop power control is independently operated by two parameters for each transport block. On the other hand, when layer shifting is employed, one parameter is used for two transport blocks. 
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(a) AGI (0 dB)                                                   (b) AGI (6 dB)
Figure 2. BLER of 1st transmission (In case of MMSE receiver)
· MMSE-SIC receiver
Figure 3 shows link level throughput performance when MMSE-SIC receiver is used. From this simulation result, we can see that layer shifting has similar performance with no layer shifting even in AGI 6dB case.
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Figure 3. Link throughput performance (In case of MMSE-SIC receiver) 

Table 3 provides the probabilities of error events considering 2 transport blocks with MMSE-SIC receiver. For the MMSE-SIC operation, an eNB first check the CRC of both TBs and if one of CRC is succeeded and the other is failed the TB having no errors are cancelled out from the received signals. As seen in the table, the error correlation gets significantly increased compared to that with MMSE receiver due to the dependency of the success of the TB having lower MCS level. Note that the TB with lower MCS is supposed to be cancelled out if no errors found, thus if CRC check is failed in the TB with lower MCS the other TB is likely failed as well.
Table 3. Error event of 2 transport blocks (In case of MMSE-SIC receiver)

	
	AGI (0 dB)
	AGI (6 dB)

	
	No LS
	LS
	No LS
	LS

	P(S,S)
	88.5%
	89.4%
	88.9%
	90%

	P(S,F)
	0.3%
	11.5%

	0.2%
	10.6%

	0.9%
	11.1%

	0.2%
	10%


	P(F,S)
	1.8%
	
	0.2%
	
	0.7%
	
	0.1%
	

	P(F,F)
	9.4%
	
	10.2%
	
	9.5%
	
	9.7%
	

	P(F,F) / P(F)
	81.74%
	96.22%
	85.58%
	97%


· ‘S’ denotes decoding success and ‘F’ means decoding fail.
· SNR = 24dB, Velocity = 3km/h

Figure 4 shows BLER performance of 1st transmission. When MMSE-SIC receiver is used, one CQI is obtained by MMSE receiver and the other CQI is calculated by MRC receiver. Therefore, outer-loop power control is independently operated by two parameters for each transport block in both LS and no LS case. 
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Figure 4. BLER of 1st transmission (In case of MMSE-SIC receiver) 
______________________________________________________________________
3. Conclusion
In this contribution, we evaluated two remaining options of uplink spatial HARQ bundling with layer shifting. From the evaluation results, we can conclude as follows:  
· SC-FDMA symbol level layer shifting seems to be most appropriate in terms of receiver complexity.

· When considering downlink control signalling overhead and robust performance of layer shifting, H-ARQ bundling with layer shifting (i.e., option 2) seems to be an essential feature in LTE-Advanced
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