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1. Introduction
After RAN4 #76, simulation assumptions for 4 Rx demodulation test for rank 1/2 PDSCH were agreed via e-mail discussion. In order to allow simulation campaign, reference 2 Rx test cases to be used as baseline test were chosen and potential configuration changes for 4 Rx test were identified. Though there are still some TBD parameters to be finalized, it will serve as the basis for alignment simulation and further discussion in RAN4 #76bis. In this contribution, we provide simulation results based on agreed simulation assumption and our view on remaining issues on test configurations. 
2. Discussion on test configuration
2.1. Candidate tests
Table 1 and table 2 summarizes candidates tests for 4 Rx PDSCH performance requirement up to rank 2 agreed via e-mail discussion. MMSE receiver is used as baseline receiver for single cell test while MMSE-IRC receiver is used as baseline receiver for multi-cell test with PDSCH interference. For TM9 rank 2 PDSCH demodulation test, an interference cell with colliding CRS and unloaded PDSCH is applied to verify CINR estimation using DM-RS. 
TM2 MMSE-IRC test was added at the last moment of e-mail discussion. In our view, this test has almost same test coverage as TM4 MMSE-IRC test and does not bring significant additional value on top of TM4 MMSE-IRC test. Since TM2 and TM4 are both using CRS for interference covariance matrix estimation and subsequent spatial whitening operation to suppress interference signal is similar, UE implementation and expected performance gain would be similar. 
Proposal 1. Deprioritize TM2 MMSE-IRC test since this test provides similar test coverage as TM4 MMSE-IRC test. 
Table 1. Candidate FDD tests for 4 Rx PDSCH performance requirements

	Transmission mode
	Baseline test
	Receiver type
	Antenna configuration
	PDSCH rank
	Propagation channel
	Number of intf. cells

	TM2
	8.2.1.2.1  t1
	MMSE
	2x4
	1
	EVA5
	N/A

	TM2
	8.2.1.2.4 t1
	MMSE-IRC
	2x4
	1
	EVA70
	1 (INR=3.1dB)

	TM3
	8.2.1.3.1  t1
	MMSE
	2x4
	2
	EVA70
	N/A

	TM4
	8.2.1.4.3  t1
	MMSE
	4x4
	2
	EPA5
	N/A

	TM6
	8.2.1.4.1B t1
	MMSE-IRC
	2x4
	1
	EVA5
	1 (INR=3.1dB)

	TM9
	8.3.1.1A t1
	MMSE-IRC
	2x4/4x4
	1
	EVA5
	1 (INR=3.1dB)

	TM9
	8.3.1.2 t1
	MMSE
	2x4/4x4
	2
	ETU5
	1 (only CRS)


Table 2. Candidate TDD tests for 4 Rx PDSCH performance requirements

	Transmission mode
	Baseline test
	Receiver type
	Antenna configuration
	PDSCH rank
	Propagation channel
	Number of intf. cells

	TM2
	8.2.2.2.1  t1
	MMSE
	2x4
	1
	EVA5
	N/A

	TM2
	8.2.2.2.4 t1
	MMSE-IRC
	2x4
	1
	EVA70
	1 (INR=3.1dB)

	TM3
	8.2.2.3.1  t1
	MMSE
	2x4
	2
	EVA70
	N/A

	TM4
	8.2.2.4.3  t1
	MMSE
	4x4
	2
	EPA5
	N/A

	TM6
	8.2.2.4.1B t1
	MMSE-IRC
	2x4
	1
	EVA5
	1 (INR=3.1dB)

	TM9
	8.3.2.1B t1
	MMSE-IRC
	2x4/4x4
	1
	EVA5
	1 (INR=3.1dB)

	TM9
	8.3.2.3 t1
	MMSE
	2x4/4x4
	2
	ETU5
	1 (only CRS)


2.2. MIMO channel correlation
One contentious issue that was not agreed in e-mail discussion is MIMO channel correlation to be used in 4 Rx test. In baseline 2 Rx test, all tests are using low correlation channel except for TM2 single cell test. Some companies are arguing that assuming low correlation for 4 Rx antenna on UE is unrealistic and RAN4 should assume more realistic spatial correlation model in test configuration. Regarding this argument, we first would like to point out that spatial correlation model in RAN4 specification is rather artificial and does not necessarily reflect channel correlation observed in real antenna implementation. For example, low correlation channel with completely uncorrelated spatial channels is extreme simplification of low antenna correlation even for 2 Rx antenna. Also, real number correlation factor in medium and low correlation is unlikely to happen.  Secondly, RAN4 considers medium or high correlation channel when there is specific test purposes that requires use of correlated channel model like SU-MIMO receiver. On the other hand, using low correlation channel for 4 Rx performance requirements would allow RAN4 to keep higher commonality with existing 2 Rx performance requires while making it easier to achieve simulation alignment. 
For MMSE-IRC test, RAN4 already assessed feasibility of using medium correlation channel in MMSE-IRC test in Rel-11. The conclusion was not using medium correlation channel since test results could be sensitive to channel phase alignment between serving and interference cell. On the other hand, since MMSE-IRC operation and corresponding performance gain is independent of channel correlation in serving and interference cell, use of medium correlation channel provides little benefit in terms of test purpose/coverage. 
Proposal 2. Use low correlation channel as spatial correlation model except for TM2 single cell test. 
2.3. Antenna configuration for TM9 test
Two options are on the table for antenna configuration for TM9 test, i.e., 2x4 or 4x4. Since TM9 MMSE-IRC test is defined for 4x2 antenna configuration, RAN4 needs to choose 4x4 antenna configuration if we directly extend existing test case to 4 Rx antenna UE. However, using 4x4 antenna configuration will lead to 32 faders in the test configuration, which will significantly increase test complexity. Alternative option is to use 2x4 antenna configuration to maintain test complexity up to 16 faders. In TM9 MMSE-IRC test, serving cell is transmitting rank 1 PDSCH precoded according to wideband PMI feedback from UE that is derived from 4 CSI-RS ports. Random precoding with subband granularity is used in interference cell. If we change test configuration from 4 Tx antenna to 2 Tx antenna, beamformed channel would have different spatial directivity on both serving and interference cell. We need to evaluate how it would affect MMSE-IRC operation and corresponding performance gain. 
3. Simulation results

3.1. TM2 single cell test
Figure 1 shows simulation results for TM2 single cell test. For antenna correlation, following two options were evaluated.
· Option 1: new medium XPOL channel with alpha=0.3, beta=0.6 and gamma=0.2

· Option 2: new medium ULA channel with alpha=0.3 and beta=0.3874

We can observe that 4 Rx antenna provides around 3dB gain relative to 2 Rx antenna, which is sufficient for discrimination between 2 Rx and 4 Rx UE performance. We can also observe that performance gain of using 4 Rx antenna is higher in XPOL channel than in ULA channel by 0.1~0.2dB. Therefore, both option 1 and option 2 are feasible as spatial correlation model for new medium correlation. We prefer using ULA channel model since XPOL antenna is not commonly implemented on UE. 
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(a) New medium XPOL channel
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(b) New medium ULA channel

Figure 1. TM2 single cell test
3.2. TM3/4 single cell test

Figure 2 and 3 shows simulation results for TM3 and TM4 single cell test. We can observe that 4 Rx UE provides more than 4.5dB gain over 2Rx antenna UE in TM3 but performance gain in TM4 is smaller. In TM3, it’s like 4 Rx antenna significantly increases spatial decorrelation between two streams of TM3 signal and thus provides very large performance gain. On the other hand, in TM4, channel is already partially decorrelated by closed loop precoding and thus additional gain with 4 Rx is smaller than TM3. However, in both TM3 and TM4 test, performance gain of 4 Rx UE is large enough to allow introduction of 4 Rx UE performance requirements. 
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Figure 2. TM3 single cell test
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Figure 3. TM4 single cell test

3.3. TM6 MMSE-IRC test
Figure 4 shows simulation results for TM6 MMSE-IRC test. In the test, 2x4 antenna configuration is used both in serving cell and interference cell. 2 interference cells are configured in baseline test for 2 Rx UE with DIP1=-1.73dB and DIP2=-8.66. Test configuration is modified to have on one interference cell with DIP1=-1.73dB to keep fader complexity up to 16. From the simulation results, we can observe that 4 Rx UE provides more 3.5dB gain over 2 Rx UE and thus allows easy discrimination between 4 Rx and 2 Rx UE. 
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Figure 4. TM6 MMSE-IRC test

3.4. TM9 rank 2 PDSCH test with CRS only interference
TM9 rank 2 test is defined in the presence of colliding CRS interference without with PDCCH/PDSCH blanking. This test set up was introduced in Rel-11 to make it sure that DM-RS is used for CINR estimation in DM-RS channel estimation. If UE uses CINR estimation from CRS, channel estimation will be degraded due to CINR mismatch. From simulation results in Figure 5, we can observe that 4 Rx UE provide almost 5dB performance gain over 2 Rx UE similar to TM3. Note that random precoding is used in this test. 
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Figure 5. TM9 rank 2 test with CRS only interference

3.5. TM9 MMSE-IRC test
For TM9 MMSE-IRC test, simulation was run for both 2x4 and 4x4 antenna configuration to assess the difference between 2 Tx and 4 Tx antenna set up. It can be observed that performance gain of 4 Rx UE over 2 Rx UE is slightly higher in 4 Tx scenario but the difference is only around 0.2~0.3dB. It’s like change in spatial directivity of beamformed channel due to change in number of transmit antenna have negligible effect on performance differentiation of 4 Rx and 2 Rx UE. On the other hand, receiver processing for TM9 MMSE-IRC receiver, i.e., channel estimation and noise covariance estimation and subsequent spatial whitening and demodulation is identical independent of number of Tx antenna.  
Proposal 3. Employ 2x4 antenna configuration in TM9 MMSE-IRC test to keep fader complexity up to 16 faders. 
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(a) 2 Tx antenna
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(b) 4 Tx antenna
Figure 6. TM9 MMSE-IRC test

4. Conclusions

In this contribution, we provided simulation results for PDSCH demodulation test of 4 Rx UE. From the simulation results, we observed that 4 Rx UE provides significant performance gain over 2 Rx UE in all considered test cases. Also, we proposed following for remaining issues in test configuration. 
Proposal 1. Deprioritize TM2 MMSE-IRC test since this test provides similar test coverage as TM4 MMSE-IRC test. 

Proposal 2. Use low correlation channel as spatial correlation model except for TM2 single cell test. 

Proposal 3. Employ 2x4 antenna configuration in TM9 MMSE-IRC test to keep fader complexity up to 16 faders. 

8
6

