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Introduction
[bookmark: _GoBack]It has been agreed that CSI feedback for up to 32 antenna ports is supported in NR. In this contribution, we discuss possible ways to improve system performance in the presence of faulty or inactive antenna ports in a deployed antenna array and support of antenna layouts of active antennas without a corresponding codebook. This is a resubmission of R1-1718441.
Discussion 
Performance with faulty antenna ports
In future MIMO systems with large number of antenna ports deployed, it is possible that some antenna ports or the associated circuitry can be out of service due to faulty connection, circuit failure, and aging.  When this happens, it is expected that the system performance will be degraded somewhat, depending on the number of failed ports, but the system can still be in service while fixes are on the way.  In some scenarios, the system may be kept in operation for weeks or months before the problem is fixed. So it is desirable to have the system performance as good as possible.
One question is that in this case, should the inactive antenna ports be signalled to the UE, i.e. “UE aware”, or keep the UE unaware of the inactive antenna ports, i.e. UE transparent. We have done some system simulation to compare the system performance between the “UE transparent” and “UE aware” cases when some ports are failed.  An 8x2 antenna array with 2x1 virtualization was used at the network side, resulting in a 16 ports port layout of (N1, N2, P) = (4,2,2), where N1 is along the vertical dimension and N2 is along the horizontal dimension as shown in Figure 1, where 4 inactive ports are also shown. 

[bookmark: _Ref485225610]Figure 1: 16 ports antenna with some faulty/inactive ports used in the simulation.
The simulation results are summarized in Table 1. It can be seen that when the 4 inactive ports are signalled to the UE, there is a throughput gain of 5% mean and 16% cell edge under UMa, and a gain of 4% mean and 8% cell edge under UMi. The gain is achieved because when the inactive ports are known at the UE, the UE would not use the noisy channel measurement on the inactive ports for CSI calculation. Therefore, there is a more accurate CSI feedback and thus better link adaptation than in the UE transparent case.
[bookmark: _Ref485225682]Table 1: Performance between UE transparent and UE aware.
	
	UMa
	UMi

	 
	UE transparent
	UE aware
	UE transparent
	UE aware

	Baseline RU = 50 %
	Gain
	Gain

	Mean user throughput
	0%
	5%
	0%
	4%

	Cell-edge user throughput
	0%
	16%
	0%
	8%



[bookmark: _Toc485420997]There is an attractive performance gain when the inactive ports are not used by the UE for CSI calculation. 
Support of antennas without a corresponding codebook
Inactive ports can also be used to support antenna layouts that are not included in the agreed codebook designs. For example, a 5x2 port layout may be supported with a 32 ports codebook for 8x2 port layout (N1, N2, P) = (8,2,2) as shown in Figure 2, where 5x2 is the actual deployed antenna and a UE is configured with the 8x2 port layout.  The UE may or may not know the actual deployed antenna.

[bookmark: _Ref485241275]Figure 2: An example of supporting a 5x2 antenna with a 32 ports codebook for 8x2 port layout.
Table 2 shows the performance comparison between the UE transparent case in which a UE does not know the inactive ports and the UE aware case in which the UE knows the inactive ports. It can be seen that the system performs better in the UE aware case than in the UE transparent case, with 5% mean and 16% cell edge UE through gain.
[bookmark: _Ref485310867]Table 2: System performance with a 5x2 antenna by configuring a UE with a 32 ports codebook.  
	 
	UMa

	 
	UE transparent
	UE aware

	Baseline RU = 50 %
	Gain

	Mean user throughput
	0%
	5%

	Cell-edge user throughput
	0%
	16%



[bookmark: _Toc485420998]An antenna without a corresponding codebook may be supported by configuring a UE with one of the supported port layouts. System performance can be similarly improved if inactive ports are not used by the UE for CSI calculation.
[bookmark: _Toc485242901][bookmark: _Toc485310679][bookmark: _Toc485310818][bookmark: _Toc485310948][bookmark: _Toc485311173][bookmark: _Toc485421001]NR supports mechanisms to ensure improved system performance in the presence of inactive or faulty antenna ports.
Conclusions
In this contribution, we evaluated the system performance in the presence of faulty or inactive antenna ports.  Based on the results and discussion in the paper, we made the following observations:
Observation 1	There is an  attractive performance gain when the inactive ports are not used by the UE for CSI calculation.
Observation 2	An antenna without a corresponding codebook may be supported by configuring a UE with one of the supported port layouts. System performance can be similarly improved if inactive ports are not used by the UE for CSI calculation.

Based on the above observation, we have the following proposal:
Proposal 1	NR supports mechanisms to ensure improved system performance in the presence of inactive or faulty antenna ports.
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