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Introduction
[bookmark: _GoBack]In RAN4 #78, there was a discussion about the performance requirements of Rel-13 EB/FD-MIMO features and the following was agreed for PDSCH demodulation performance requirement [1]:
	· Introducing PDSCH demodulation test case to verify DMRS enhancement
· Reusing existing TM-9 MU-MIMO test parameters as the baseline to introduce the test case. 
· FFS for test applicability.


In this contribution we provide further views on different aspects of the FD MIMO UE demodulation.
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]


The enhanced DMRS functionality has impacts on the PDSCH demodulation procedures, while there are no impacts on the CSI reporting. The respective PDSCH test case should be introduced to enable verification of the correct receiver processing procedure for the new MU-MIMO DMRS design with OCC=4 for APs 7, 8, 11, 13. 
Test case
2 ports MU-MIMO test case
Reusing concept and parameters from the existing TS 36.101 test case 8.3.1.1-1 Test 2 with simultaneous MU-MIMO transmission on 2 DMRS APs is suggested. In order to test that UE applies OCC4 processing, the MU-MIMO signal transmission on DMRS APs 7 and 11 can be used. The same test metric as 70% throughput SNR can be re-used. 
Since OCC-4 is more sensitive to Doppler spread, it is observed that performance degradation could happen when OCC-4 is applied for high Doppler channel profile such as EVA-70Hz. In Fig.1 we compare the OCC-4 performance under EPA-5Hz and EVA-70Hz propagation channels, respectively. It may be observed that for EVA-70Hz channel the OCC4 based receiver performance degrades. Thus, we suggest that low Doppler Channel EPA-5Hz should be used in the test case. 
[image: ]
Figure 1. Performance of EPA-5 OCC-4 VS. EVA70 OCC-4

Proposal #1:	For 2 ports MU-MIMO test case, legacy TM9 with ports 7 and 11 are used.
Proposal #2:	Low Doppler channel profile EPA-5 Hz should be used for OCC-4 test case.

3 or 4 ports MU-MIMO
For MU-MIMO transmission with more than two users, inter-user interference can be significant. If test case of more than two users will be introduced, a new MU-MIMO beamforming model may need to be defined to reflect realistic precoding implementation for MU-MIMO transmission. 
Proposal #3: If 3 or 4 ports MU-MIMO test case is to be introduced, a new MU-MIMO beamforming model needs to be defined. 
Blind detection of OCC-2 and OCC-4
OCC-2 de-spreading performs better than OCC-4 de-spreading when Doppler spread is larger as time-domain filtering for channel estimation can be used for OCC-2 de-spreading. For some scenarios, using OCC-2 de-spreading for demodulation other than OCC-4 de-spreading can achieve better performance even if OCC-4 based DMRS port {11, 13} is used by the eNB. 
For example, eNB schedules three users for MU-MIMO transmission using DMRS ports {7, 8, 11} and OCC-4 de-spreading is instructed by eNB for user 1. However, the three users are in partially overlapped PRBs as:
· User 1: port 7 and PRB {0, 1, 2, 3, 4, 5}
· User 2: port 8 and PRB {0, 1, 2}
· User 3: port 11 and PRB {0, 1, 2},
User 1 does not know the existence of user 2/3 in PRB 0-5. But the best de-spreading strategy for user 1 is OCC-4 de-spreading for PRB {0, 1, 2} and OCC-2 de-spreading for PRB {3, 4, 5}. In order to deal with this situation, user 1 needs to blindly detect whether port 11 are used for each of its PRBs. When port 11 is not used, e.g. in PRB {4, 5, 6}, it can use OCC-2 de-spreading. 
Below, we compare the performance gap between the receiver performance in case of using OCC-4 processing and in case of using OCC2 for single user single layer transmission (DMRS AP 7 is transmitted only) which can provide an estimate of upper bound gains of using blind detection of DMRS APs presence. It can be seen from Fig 3 that OCC-2 de-spreading performs much better than OCC-4 de-spreading based demodulation for high Doppler channel profile. As large performance gap could exist between OCC-2/4 de-spreading, it is worthwhile to further study blindly detection of signal presence for OCC-4 based DMRS ports {11, 13}.
[image: ]
Figure 2. Performane of OCC-2 VS. OCC-4 based de-spreading for single user transmission in EVA-70Hz channel

Proposal #4: Further study blind detection of DMRS ports {11, 13} presence. 

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:	For 2 ports MU-MIMO test case, legacy TM9 with ports 7 and 11 are used.
Proposal #2:	Low Doppler channel profile EPA-5 Hz should be used for OCC-4 test case.
Proposal #3:      If 3 or 4 ports MU-MIMO test case is to be introduced, a new MU-MIMO beamforming model needs to be defined. 
Proposal #4:        Further study blind detection of DMRS ports {11, 13} presence. 
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