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1. Introduction
In RAN4 #78bis meeting, a WF on the Rel-13 EB/FD-MIMO performance requirements was agreed [1]. The following agreements on the PDSCH demodulation performance requirements were reached:
	· 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 modelling
· For 2 ports case (Interference + wanted signal) :Reusing existing beam-forming mode as specified in annex B.4.1
· Two 2x1 precoders randomly selected from Rel-8 layer 1 codebook (Table 6.3.4.2.3-1 in TS36.211) but not the same.
· Precoder update granularity: 1PRG per TTI
· Additional power scaling factor applied to normalize  the transmit power: 
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In this contribution we provide further views on the above options of the FD MIMO UE demodulation.
2. Discussion

Enhanced DMRS

In Rel-13, the enhanced PDSCH DMRS functionality was introduced to improve the MU-MIMO performance. In particular, the DMRS design with OCC=4 and 12 REs/PRB for supporting up to 4 orthogonal ports was introduced (APs 7, 8, 11, 13). 
Table 1: MU-MIMO antenna ports with OCC-4 based DMRS

	Ports for MU transmission
	OCC

	Port 7
	[1 1 1 1]

	Port 8
	[1 -1 1 -1]

	Port 11
	[1 1 -1 -1]

	Port 13
	[1 -1 -1 1]


Number of interference ports 
In the previous meeting using 1 port with nSCID= 0, OCC =4 was suggested to be used as baseline, which means that there are totally two ports in MU-MIMO case. In our view, the two ports configuration can be used to discriminate UE behaviour between OCC4 and OCC2 operation if the target UE port is carefully chosen. The following analysis will all suppose that one interference port with nSCID= 0, OCC =4 is in companion with one target UE port.
Proposal #1: Use 1 interference port with nSCID= 0, OCC =4

DMRS port configuration for target UE

There are three options of the DMRS port 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

For option 2, if the target UE port is 7, it has been proved that the UE can still remove the port 13 interference by legacy OCC-2 operation [2]. The legacy OCC-2 operation means that port 7/8 despread code will be applied. 
In our companion proposal [3], it also shown that if target UE port is 7 and interference port is 11, even though channel of port 7 can’t be estimated well after de-spreading by legacy OCC-2, the final channel estimation of port 7 can still achieve good performance after channel interpolation in low Doppler case. Therefore, by using MMSE-IRC, port 7 can still remove the port 11 interference. In the existing TS 36.101 test case 8.3.1.1-1 Test 2, EPA5 channel model is assumed where the Doppler spread is small, therefore, it can’t discriminate the UE behaviour of OCC-2 and OCC-4.
If we transmit using port 7,11, the receiving signal in the first slot are: 
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The receiving signal in the second slot are: 
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Where [image: image7.png]
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 are channel of port 7,11 respectively. [image: image11.png]


 is noise.
If legacy port 7,8 OCC-2 code is used to de-spread the reference signal. The channel estimation for port 7 after de-spreading in the first and second slot are [image: image13.png]
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 respectively, which are calculated as follows:
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Take first time-domain then frequency-domain interpolation as example, the final channel estimation will jointly consider both the channel de-spreading results of the first and second slot. Suppose that a1, a2 are the time-domain filter coefficient for the first slot and the second slot respectively. For low Doppler spread case, the difference of a1, a2 is small. Therefore, the final time-domain estimation for port 7 is:
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When transmitting with port 7, 11, it shows that after channel interpolation filter, channel of port 7 can still be estimated with small error. The performance of port 7,11 using OCC-2 and OCC-4 are compared in Fig.1.
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Fig.1 Performance comparison of port 7,11 using OCC-2 and OCC-4

For option 3, if the target UE port is 11 and the interference port is chosen in set {7,8,13}, it can be proved that the channel estimation of port 11 can only be correct if OCC-4 de-spreading is applied.
For option 1, the target UE port will be dynamic changed between port {7,8,11,13}. When the UE port is 7 or 8, the OCC-2 operation can achieve the acceptable performance as OCC-4. When the UE port is 11 or 13, only OCC-4 de-spreading can work well. 
The simulation results of throughput for the 3 options are compared in Fig.2 where legacy OCC-2 is used. The interference port selection is option 1. In Fig.3, the 3 options are compared by OCC-4. The option which can discriminate the UE behaviour of OCC-2 and OCC-4 will be chosen.
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Fig.2 Target port selection comparison by OCC-2 operation
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Fig. 3 Target port selection comparison by OCC-4 operation

Observation #1:
If the target UE port is 7, the test will not be able to verify that UE supports OCC-4 de-spreading.
Observation #2:
If the target UE port is 11, the test will be able to verify that UE supports OCC-4 de-spreading.
Observation #3:
If the target UE port dynamic changed between port {7,8,11,13}, the test will be able to verify that UE supports OCC-4 de-spreading.
Proposal #2:
The target port can be fixed as port 11, nSCID=0, OCC=4 or the target port can be dynamically changed between {7,8,11,13} with nSCID= 0,OCC =4
Interference port selection model
There are two options for interference port selection agreed in the last meeting:
· 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
Simulations based on option 1 and 2 are given in Fig.4. From our view, there is no explicit difference between option 1 and option 2. For test simplicity, option 1 is more preferred. From our simulation results, the SNR 19dB can achieve the 70% of maximum throughput.
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Fig. 4 performance comparison of interference port selection option 1 vs. option 2
Observation #4:
Interference port selection option 1 and option 2 provide similar performance
Proposal #3:
Use interference port selection Option 1 – randomized interference port between port {7,8,11,13} except port used by input signal (target UE) on a per TTI basis.

3. Conclusions

In this contribution we have provided our views on the EBF/FD-MIMO UE demodulation requirements. In summary, we make the following proposals:
Proposal #1:
Use 1 interference port with nSCID= 0, OCC =4

Proposal #2:
The target port can be fixed as port 11, nSCID=0, OCC=4 or the target port can be dynamically changed between {7,8,11,13} with nSCID= 0,OCC =4

Proposal #3:
Use interference port selection Option 1 – randomized interference port between port {7,8,11,13} except port used by input signal (target UE) on a per TTI basis.
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