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1. Introduction
In RAN4 #78bis, there was further discussion on PDSCH demodulation test with Rel-13 DM-RS enhancement and following agreement was captured in WF [1]. 

· Test applicability
· When new TM9 MU-MIMO test is introduced, Rel-13 UE that supports enhanced DM-RS is required to fulfill only Rel-13 TM9 MU-MIMO test. Legacy TM9 MU-MIMO test is not applicable to this UE.
· DMRS configuration for target UE
· Option1: dynamic changed between port {7,8,11,13} with nSCID= 0,OCC =4
· Option2:  fixed as port 7, nSCID=0, OCC=4
· Option 3: fixed as port 11, nSCID=0, OCC=4
· Number of interference port
· Option1: 1 port  with nSCID= 0,OCC =4 (as baseline)
· Companies are encouraged to bring analysis and results in next meeting to check whether such test set-up can discriminate UE behaviour between OCC4 and OCC2 operation.
· Interference port selection
· Option 1: randomized interference port between port{7,8,11,13} except which used by input signal (target UE) as  per TTI basis
· Option2: randomized interference port between port{7,8,11,13} except which used by input signal (target UE) as per TTI, per PRG basis
· Beamforming model

· For 2 ports case (Interference + wanted signal) :Reusing existing beam-forming mode as specified in annex B.4.1
In this contribution, we provide further analyses on remaining issues on test configuration for PDSCH demodulation test for Rel-13 DM-RS enhancement. 
2. Discussion
2.1. DMRS configuration for target UE
In DM-RS PDSCH transmission, DM-RS port for target UE is provided by DCI signaling in each subframe.  Antenna ports, scrambling identity and number of layers are jointly signaled by 3 bit field when Rel-13-DMRS-table is 0 and by 4 bit field when Rel-13-DMRS-table is 1. Table 1 shows encoding of this field when Rel-13-DMRS-table is 1. Therefore, from UE receiver operation point of view, we can always assume UE is aware of DM-RS port for desired PDSCH transmission. 
Observation 1. In DM-RS PDSCH transmission, DM-RS ports for target UE is provided by DCI signaling in every subframe. 

Once UE knows DM-RS ports for its own PDSCH, remaining DM-RS ports become candidates for potential MU-MIMO UE. Since we are considering the case of rank 1 DM-RS transmission for desired UE, there would be 3 MU-MIMO candidates. From test coverage point of view, we don’t see any difference between 3 options for DM-RS configuration for target UE. For simplicity of test configuration, we prefer fixed DM-RS port configuration, which will also align with existing TM9 MU-MIMO test configuration. 
Proposal 1. Configure fixed DM-RS port for target UE. 

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


2.2. Number of interference port
Baseline agreement is configuring one rank 1 interfering DM-RS port that is orthogonal with DM-RS port of target UE. The motivation behind this decision was to limit the scope of RAN4 discussion to DM-RS enhancement in Rel-13 while maintaining same MU-MIMO operation as Rel-10 requirement. With 4 orthogonal DM-RS ports supported in Rel-13 specification, there could be various MU-MIMO scenarios other than rank 1 desired UE and one rank 1 interfering UE. 
· Rank 1 desired UE + two rank 1 interfering UE

· Rank 1 desired UE + three rank 1 interfering UE

· Rank 1 desired UE + one rank 1 interfering UE + one rank 2 interfering UE

· Rank 2 desired UE + one rank 1 interfering UE

· Rank 2 desired UE + two rank 1 interfering UE

· Rank 2 desired UE + one rank 2 interfering UE

However, specifying requirements for these other MU-MIMO scenarios would require separate study on MU-MIMO interference model and reference UE receiver. 
There was a concern that test configuration with rank 1 desired UE and one rank 1 interfering UE can not properly verify OCC4 DM-RS processing. The argument was that, in low Doppler channel like EPA5, UE might implement simple channel estimation with OCC2 despreading in each slot followed by equal weight averaging across slot 0 and slot 1, which happens to be optimal OCC4 despreading in low Dopper channel. In this way, UE can achieve OCC4 DM-RS channel estimation without proper OCC4 processing. However, for MMSE suppression of MU-MIMO interference, UE also needs to estimate interference covariance matrix. UE can consider two options for interference covariance matrix estimation from DM-RS tones. 
· Implicit estimation based on difference between raw received DM-RS tones and DM-RS channel estimate. 
· Explicit estimation based on DM-RS port detection for interfering UE and channel estimation for detected DM-RS port. 
Unlike interference covariance matrix estimation from CRS, UE cannot use implicit estimation since DM-RS signal for interfering UE is also OCC spread. The only available option for interference covariance matrix is relying on explicit DM-RS port detection for interfering UE and channel estimation for detected DM-RS port. If UE assumes OCC2 for interfering DM-RS port detection when interfering UE is OCC4, UE will either fail interfering DM-RS port detection or have completely wrong estimate for interference covariance matrix. 
Observation 2. UE should rely on DM-RS port detection for interfering UE and channel estimation for detected DM-RS port for interference covariance matrix estimation. 
Observation 3. If UE assumes OCC2 for interfering DM-RS port detection when interfering UE is OCC4, UE will either fail interfering DM-RS port detection or have completely wrong estimate for interference covariance matrix. 

Based on these observations, we can conclude that test configuration with rank 1 desired UE and one rank 1 interfering UE can verify proper UE implementation for OCC4 handling. 
Proposal 2. Configure one rank 1 interfering UE in the test. 
2.3. Interference port selection
There are two options on the table for interference port randomization granularity. First option is per-TTI granularity and second option is per-TTI and per-PRG granularity. In Rel-10 DM-RS design with only two orthogonal DM-RS ports, there is no need for interfering UE DM-RS port randomization since there is only one MU-MIMO candidate. UE needs to determine whether interfering UE is present or not. In principle, UE should perform DM-RS port detection per-PRB since there is no eNB scheduling restriction for MU-MIMO UE pairing. Therefore, per-TTI as well as per-RBG granularity seems to have benefit that it can verify per-PRB MU-MIMO port detection capability. 
Proposal 3. Randomize interference port with per-TTI and per-PRG granularity. 
3. Conclusions

In this contribution, we provided further analyses on remaining issues on test configuration for PDSCH demodulation test for Rel-13 DM-RS enhancement. Our observations and proposals are

Observation 1. In DM-RS PDSCH transmission, DM-RS ports for target UE is provided by DCI signaling in every subframe. 

Observation 2. UE should rely on DM-RS port detection for interfering UE and channel estimation for detected DM-RS port for interference covariance matrix estimation. 

Observation 3. If UE assumes OCC2 for interfering DM-RS port detection when interfering UE is OCC4, UE will either fail interfering DM-RS port detection or have completely wrong estimate for interference covariance matrix. 

Proposal 1. Configure fixed DM-RS port for target UE. 

Proposal 2. Configure one rank 1 interfering UE in the test. 

Proposal 3. Randomize interference port with per-TTI and per-PRG granularity. 
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