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1 Introduction

With respect to demodulation reference signal (DM RS) multiplexing for UL SU-MIMO, the following was agreed in RAN1#57 [1]:
· Cyclic shift (CS) separation is the primary multiplexing scheme
· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.
· Codes are {+1, +1} and {+1, -1} 
The maximum number of layers for UL SU-MIMO is four, which is smaller than the number of cyclic shifts (CS) in current specification. However, orthogonality by CS separation between DM RS can be somewhat ruined by frequency selective fading. As the breakdown of DM RS orthogonality between different layers incurs a BLER error floor due to imperfect channel estimation, it has been proposed to apply OCC to DM RS on top of CS based orthogonalization, in order to improve orthogonality among DM RS for different layers in SU-MIMO transmissions [2]. This contribution provides evaluation results with and without OCC, for 2x2 and 4x4 SU-MIMO with QPSK/16-QAM/64-QAM. 
2 Simulation Scenarios
2.1 DM RS Multiplexing
The evaluation has been carried out for various configurations of CS and CS+OCC combinations, as shown in Tables 1 and 2. The cases of cyclic shift separation 3 and 6 were considered in order to observe the performance trend and the additional gain achievable by OCC for each CS separation case. 
Table 1: Combination between CS and OCC for 2x2 SM
	CS6
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=6,  OCC=[+1 +1]

	CS3
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=3,  OCC=[+1 +1]

	OCC
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=0,  OCC=[+1  -1]

	CS6+OCC
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=6,  OCC=[+1 -1]

	CS3+OCC
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=3,  OCC=[+1 -1]


Table 2: Combination between CS and OCC for 4x4 SM
	CS
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=3,  OCC=[+1 +1]

3rd layer:   CS=6,  OCC=[+1 +1]

4th layer:   CS=9,  OCC=[+1 +1]

	CS6+OCC
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=0,  OCC=[+1 -1]

3rd layer:   CS=6,  OCC=[+1 +1]

4th layer:   CS=6,  OCC=[+1 -1]

	CS3+OCC
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=0,  OCC=[+1 -1]

3rd layer:   CS=3,  OCC=[+1 +1]

4th layer:   CS=3,  OCC=[+1 -1]

	CS369+OCC
	1st layer:    CS=0,  OCC=[+1 +1]
2nd layer:   CS=3,  OCC=[+1 -1]

3rd layer:   CS=6,  OCC=[+1 +1]

4th layer:   CS=9,  OCC=[+1 -1]


2.2 Simulation Parameters
BLER performance results of 2x2 and 4x4 SU-MIMO are shown in Figures 1 through 7 and the simulation assumptions are given in Table 3. Real channel estimation is applied using the following two schemes:
1) Combining
· Average of channel estimates for two DM RSs in the 1st and 2nd slots is used. This is suitable for low mobility cases such as 3km/h.
2) Interpolation
· Linear interpolation between channel estimates for two DM RSs in the 1st and 2nd slots is used. This is suitable for high mobility cases. It is noted that the interpolation approach can be applied to the CS+OCC case as well, at the expense of giving up the OCC gain, though in practice SU-MIMO scheduling would not occur in high mobility cases where the interpolation gain exceeds the OCC gain. 
Table 3: Simulation parameters
	Parameter
	Assumption

	System bandwidth
	20 MHz

	Slot format
	Normal CP, 7 symbols per slot

	Channel coding
	Turbo code

	(MCS index: modulation, code rate)
	(I=6: QPSK, 0.367) /
(I=15: 16QAM, 0.500) /
(I=21: 64QAM, 0.496)

with no HARQ

	MIMO receiver
	MMSE

	Channel model
	Typical Urban (TU) - 6 path

	Speed
	3km/h, 30km/h, 60km/h

	Data transmission BW
	5 PRBs

	Antenna ports (# of layer, # of CWs)
	2x2 (2, 1),  4x4 (4, 2)

	Tx/Rx antenna correlation
	Uncorrelated

	Channel estimation
	Realistic (MMSE)


3 Discussion
From the simulation results in Figures 1 through 7, it is observed that:

1) 2x2 SU-MIMO case: 
A.  Low mobility (3km/h): As shown in Figure 1, CS-only and CS+OCC give almost the same performance for QPSK and 16-QAM. For 64-QAM (Figure 2), CS+OCC outperform CS-only at very high SNR. At 10% BLER, both CS3+OCC and CS6+OCC provides about 0.5 dB gain compared to CS6.
B.  Medium-to-high mobility (30km/h, 60km/h): The performance by interpolation is better than that by combining for 16-QAM (Figure 3(b), Figure 4(b)), and also for QPSK at 60 km/h. Thus, we can see that the OCC gain disappears at 30km/h and 60km/h. Note that the interpolation can be applied to both CS and CS+OCC.
2) 4x4 SU-MIMO case: 
A.  Low mobility (3km/h): In case of QPSK (Figure 5(a)), both CS-only and CS+OCC give similar performance. However, CS+OCC outperforms CS-only by 1 dB for 16-QAM (Figure 5(b)). For 64-QAM (Figure 6), furthermore, the performance for CS-only is seriously degraded compared to that for CS+OCC. It is also noted that performance improvement due to CS3+OCC is much less than the improvement obtainable by CS6+OCC and CS369+OCC. 
B.  Medium-to-high mobility (30km/h and 60km/h): The performance by interpolation is better than that by combining for 16-QAM (Figure 7(b), Figure 8(b)) and QPSK at 60 km/h (Figure 8(a)). Although these mobility cases are not of interest for 4x4 MIMO, these results give insights on up to what UE speed the OCC can provide the gain with overcoming time selective fading. Although OCC gain disappears at medium-to-high speed, CS369+OCC can provide reliable gain even at 30 km/h.
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a) QPSK                                                                              b) 16QAM 
Figure 1: Performance of 2x2 SU-MIMO for QPSK and 16-QAM at 3km/h
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Figure 2: Performance of 2x2 SU-MIMO for 64-QAM at 3km/h
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a) QPSK                                                                              b) 16QAM 
Figure 3: Performance of 2x2 SU-MIMO for QPSK and 16-QAM at 30km/h
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a) QPSK                                                                              b) 16QAM 
Figure 4: Performance of 2x2 SU-MIMO for QPSK and 16-QAM at 60km/h
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a) QPSK                                                                              b) 16QAM
Figure 5: Performance of 4x4 SU-MIMO for QPSK and 16-QAM at 3km/h
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Figure 6: Performance of 4x4 SU-MIMO for 64-QAM at 3km/h
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a) QPSK                                                                              b) 16QAM
Figure 7: Performance of 4x4 SU-MIMO for QPSK and 16-QAM at 30km/h
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a) QPSK                                                                              b) 16QAM
Figure 8: Performance of 4x4 SU-MIMO for QPSK and 16-QAM at 60km/h
4 Conclusions

This contribution evaluated the UL SU-MIMO performance with and without orthogonal code covering on top of cyclic shift orthogonality for UL DM RS. 
1)  For 4x4 SU-MIMO, adopting OCC provides substantial performance gain.
2)  For 2x2 SU-MIMO, the BLER performance for CS-only and CS+OCC is similar for QPSK and 16 QAM while, for 64 QAM, CS+OCC provides small gains only at very high SNR regions. 
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