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1. Introduction
As RAN1 completes physical layer design for OCC4 DM-RS support for SU-MIMO transmission in TM9, RAN4 is tasked to specify corresponding UE demodulation performance requirement. In this contribution, we provide review on OCC4 DM-RS support for rank 3/4 SU-MIMO transmission in TM9 and proposal for UE demodulation performance requirements. 
2. RAN1 design for OCC4 DM-RS
In Rel-14, SU-MIMO transmission for rank 3/4 PDSCH requires using two DM-RS CDM port groups with 24 tone DM-RS overhead per PRB. DM-RS overhead is twice as much as rank 1/2 PDSCH transmission that requires only one CDM DM-RS port group. In Rel-15, RAN1 introduced DM-RS overhead reduction feature for TM9 transmission in stationary or low Doppler channel that uses OCC4 DM-RS for rank 3/4 SU-MIMO PDSCH transmission. 
Figure 1 illustrates DM-RS structure in TM9. Rank 1/2 transmission in TM9 uses DM-RS 7~8 which occupies CDM port group 1 marked as blue in the figure. OCC2 spreading is applied among DM-RS tones on adjacent OFDM symbols. For rank 3/4 PDSCH, DM-RS port 7~10 are used where DM-RS port 7/8 occupies CDM port group 1 and DM-RS 9/10 occupies CDM port group 2, which is marked green in the figure.  Since UE can have two DM-RS looks in one subframe, UE can achieve reasonable DM-RS channel estimation performance in medium/high Doppler channel. 
When Doppler spread is small, OCC4 can be applied to increase the number of DM-RS ports without increasing DM-RS overhead. OCC4 DM-RS were already supported in Rel-13 for MU-MIMO transmission in TM9. In Rel-15, RAN1 extended the use of OCC4 DM-RS to rank 3/4 SU-MIMO scenario, which will allow rank 3/4 TM9 transmission with reduced DM-RS overhead in stationary or low mobility deployment scenario. 
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Figure 1. DM-RS for TM9 transmission
Observation 1. OCC4 DM-RS allows rank 3/4 TM9 transmission with reduced DM-RS overhead in stationary or low mobility deployment scenario. 

To support OCC4 DM-RS for SU-MIMO transmission, RAN1 agreed to add two code point in Rel-13 DM-RS table as shown in table 1. We can observe that OCC4 DM-RS is supported only for two code word transmission for rank 3/4 PDSCH. 
Observation 2. OCC4 DM-RS is supported only for two code word transmission for rank 3/4 PDSCH. 
Table 1. DM-RS table for OCC4 DM-RS support for rank 3/4 SU-MIMO transmission. 
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2 layer, port 7-8, ng¢p=0 (OCC=2)
2 layer, port 7-8, ngqp=1 (OCC=2)
2 layer, port 7-8, ng¢p=0 (OCC=4)
2 layer, port 7-8, ngcp=1 (OCC=4)
2 layer, port 11,13, ngp=0 (OCC=4)
2 layer, port 11,13, ngp=1 (OCC=4)
3 layer, port 7-9
4 layer, port 7-10
5 layer, port 7-11
6 layer, port 7-12
7 layers, ports 7-13
8 layers, ports 7-14
3 layers, ports 7, 8,11 (OCC=4)
4 layers, ports 7, 8,11,13 (OCC=4)
Reserved

Reserved




3. UE demodulation performance requirement
For rank 3/4 PDSCH demodulation with OCC4 DM-RS, UE receiver needs to support following functionality. 
· DM-RS channel estimation for OCC4 DM-RS, i.e., DM-RS port 7, 8, 11 for rank 3 PDSCH and DM-RS port 7, 8, 11, 13 for rank 4 PDSCH
· PDSCH rate matching around one CDM port group for rank 3/4 PDSCH
It’s like these functionalities can be verified by simple PDSCH demodulation test in fading channel. RAN4 already specified TM9 rank 4 PDSCH demodulation test in Rel-13, which is specified in section 8.10.1.1.9 and 8.10.1.2.9 in 36. 101 as shown below. To minimize RAN4 work, we would like to propose following for UE demodulation performance requirement for OCC4 DM-RS feature. 
Proposal 1. For test set up for OCC4 DM-RS, specify a new test based on existing TM9 rank 4 PDSCH demodulation test specified in section 8.10.1.1.9 and 8.10.1.2.9 in 36. 101.
· FRC is revised to account for change in number of channel bits due to reduced DM-RS overhead.
· Simulation is run again to determine CINR requirement.
Table 8.10.1.1.9-2: Minimum performance for 4 Layer Spatial Multiplexing (User-Specific Reference Symbols)
	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM
	R.75 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	18.4
	≥5


Table 8.10.1.2.9-2: Minimum performance for 4 Layer Spatial Multiplexing (User-Specific Reference Symbols)
	Test number
	Bandwidth amd MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM
	R.75 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	19.0
	≥5


When Rel-15 UE supports OCC4 DM-RS, it might be redundant to verify TM9 rank 4 PDSCH demodulation performance for both OCC2 and OCC4 DM-RS configuration. Since rank 3/4 PDSCH demodulation performance with OCC2 DM-RS is verified in other tests such as SDR test or RI test, it would be reasonable to specify test applicability rule so that Rel-15 UE supporting OCC4 DM-RS can skip TM9 rank 4 PDSCH demodulation test with OCC2 DM-RS configuration. 
Proposal 2. RAN4 should investigate test applicability rule for TM9 rank 4 PDSCH demodulation test for Rel-15 UE supporting OCC4 DM-RS. 

4. Conclusion

In this contribution, we provided review on physical layer design of OCC4 DM-RS. Our proposals are
Proposal 1. For test set up for OCC4 DM-RS, specify a new test based on existing TM9 rank 4 PDSCH demodulation test specified in section 8.10.1.1.9 and 8.10.1.2.9 in 36. 101.

· FRC is revised to account for change in number of channel bits due to reduced DM-RS overhead.

· Simulation is run again to determine CINR requirement.

Proposal 2. RAN4 should investigate test applicability rule for TM9 rank 4 PDSCH demodulation test for Rel-15 UE supporting OCC4 DM-RS. 
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