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1. Introduction
In RAN4 #77, there was a first discussion for performance requirements of Rel-13 EB/FD-MIMO feature and following was agreed for PDSCH demodulation performance requirement [1]. 

· Define the requirements to verify DMRS enhancement for EB/FD-MIMO

· FFS: whether to use PDSCH demodulation test or CSI test

In this contribution, we provide our view on PDSCH demodulation performance requirements for EB/FD-MIMO. 
2. Discussion
In Rel-13 EB/FD-MIMO, DM-RS design was enhanced to support larger layer of MU-MIMO transmission. In Rel-10, DM-RS was designed to have OCC2 spreading and two scrambling sequence, which supports up to 2 orthogonal MU-MIMO layer and up to 4 non-orthogonal MU-MIMO layer transmission. In Rel-13, DM-RS design was enhanced based on OCC4 with 12 REs that can support up to 4 orthogonal MU-MIMO layer and up to 8 non-orthogonal MU-MIMO layer. Figure 1 illustrates Rel-10 and Rel-13 DM-RS design. Note that DM-RS RE locations are same but CDM spreading is now extended from 2 REs to 4 REs on same subcarrier.
Rel-13 DM-RS is supported in TM9 and TM10 when eNB sets Rel-13-DMRS-table to 1. Table 1 shows antenna port, scrambling identity and number of layer indication when Rel-13-DMRS-table is set to 1. From UE receiver implementation point of view, the only necessary changes are 
· Parsing of 4 bit DM-RS port indication in DCI format 2C and 2D when Rel-13-DMRS-table is set to 1
· OCC4 DM-RS channel estimation
· MU-MIMO detection out of multiple candidate MU-MIMO interference stream
For MU-MIMO demodulation, RAN4 test requires Rel-10 UE to detect and suppress rank 1 MU-MIMO stream from port 8 (port 7) when rank 1 PDSCH is scheduled to the UE on port 7 (port 8). Test is defined in Table 8.3.1.1-3 of 36.101. Note that LMMSE suppression of MU-MIMO interference stream was assumed when defining Rel-10 TM10 MU-MIMO performance requirement. With DM-RS enhancement in Rel-13, UE now should be able to handle multiple candidates of MU-MIMO stream. For example, if rank 1 PDSCH is scheduled to UE on port 7 with OCC4, MU-MIMO stream could be on port 8, 11 or 13 in Rel-13 DM-RS design. UE should be able detect MU-MIMO interference from multiple candidate stream. Once MU-MIMO interference is detected, subsequent MU-MIMO interference suppression and desired stream demodulation would be same as Rel-10 UE. 
Proposal 1. For Rel-13 DM-RS enhancement, following UE implementation aspect should be verified. 
· Parsing of 4 bit DM-RS port indication in DCI format 2C and 2D when Rel-13-DMRS-table is set to 1

· OCC4 DM-RS channel estimation

· MU-MIMO detection out of multiple candidate MU-MIMO interference stream. 
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(a) Rel-10 DM-RS (OCC2)                                        (2) Rel-13 DM-RS (OCC4)

Figure 1. DM-RS enhancement

Table 1. Antenna port(s), scrambling identity and number of layers indication (Rel-13-DMRS-table=1)

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	 1 layer, port 7, nSCID=0 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	Reserved

	13
	3 layers, ports 7-9
	13
	Reserved

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved


One obvious way to verify new UE implementation for Rel-13 DM-RS enhanement is to modify existing TM9 MU-MIMO test to incorporate Rel-13 DM-RS design. Necessary changes would be
· Configure Rel-13-DMRS-table=1 for the UE under test. 
· Schedule PDSCH to UE with DCI 2C indicating 1 layer, port 7, nSCID=0 (OCC=4). 
· Transmit rank 1 MU-MIMO interference user. For interference user port selection, we can consider two options.
· Option 1: DM-RS port of interference user is fixed to port 11.
· Option 2: DM-RS port of interference user is rotated among port 8, port 11 and port 13 during the test.
We can maintain all other test configuration same and also keep the same requirement number if any other issues are identified that can affect demodulation performance. 

Proposal 2. Verify Rel-13 DM-RS demodulation performance by modifying existing TM9 MU-MIMO demodulation test to incorporate new DM-RS design. 

If RAN4 agrees to modify TM9 MU-MIMO demodulation test for Rel-13 DM-RS performance verification, there would be two different flavor of TM9 MU-MIMO demodulation test, one for Rel-10 DM-RS and the other for Rel-13 DM-RS. From UE implementation point of view, MU-MIMO demodulation for Rel-10 DM-RS is subset of MU-MIMO demodulation for Rel-13 DM-RS. If a UE can meet Rel-13 TM9 MU-MIMO demodulation requirement, it would be redundant to test Rel-10 TM9 MU-MIMO demodulation requirement. 
Proposal 3. Rel-13 UE that supports Rel-13 DM-RS design is required to fulfill only MU-MIMO demodulation requirement for Rel-13 DM-RS. 

3. Conclusions

In this contribution, we analyzed the impact of new OCC4 DM-RS design on UE receiver implementation. Our proposals are
Proposal 1. For Rel-13 DM-RS enhancement, following UE implementation aspect should be verified. 

· Parsing of 4 bit DM-RS port indication in DCI format 2C and 2D when Rel-13-DMRS-table is set to 1

· OCC4 DM-RS channel estimation

· MU-MIMO detection out of multiple candidate MU-MIMO interference stream. 

Proposal 2. Verify Rel-13 DM-RS demodulation performance by modifying existing TM9 MU-MIMO demodulation test to incorporate new DM-RS design. 

Proposal 3. Rel-13 UE that supports Rel-13 DM-RS design is required to fulfill only MU-MIMO demodulation requirement for Rel-13 DM-RS. 
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