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Introduction
In LTE release 13 support for 16 ports CSI-RS was introduced and 32 ports will be specified in release 14. This enables powerful MIMO schemes which can radically improve system performance. However, a drawback by using a large number of CSI-RS ports is that the overhead becomes larger and there will hence be less resources available for transmitting the actual data. One possible remedy for this is to operate in hybrid CSI-RS reporting mode. However, the severity of overhead problem and scenarios where it may exist requires further study in RAN1.   In this contribution we continue our investigation [1] of  the potential gains of hybrid CSI-RS reporting. 
Hybrid CSI-RS reporting
The typical way to operate with hybrid CSI-RS reporting is illustrated in Figure 1. The non-precoded CSI-RS, corresponding to a high number of ports, is transmitted rather infrequently in a UE nonspecific manner. Based on the corresponding CSI-RS reports the eNodeB will be able to detect a set of channel subspaces where different UEs are located. Since the channels will be correlated in time the eNodeB can further utilize the detected channel subspaces by assuming that the UEs will be located within these also in the following subframes. Hence, it may be sufficient for the eNodeB to transmit UE specific beamformed CSI-RS, corresponding to a low number of ports, within the detected subspaces in the following subframes. If the subspaces are small enough and/or the number of UEs are low enough this will result in a reduced overhead compared to transmitting only non-precoded CSI-RS. Hence, the eNodeB will efficiently be able to obtain high quality CSI-RS with an, on average, lower overhead compared to the case where the eNodeB transmits only non-precoded CSI-RS.   
[image: ]
[bookmark: _Ref458674117]Figure 1. Hybrid CSI-RS reporting.
Simulation setup
In our simulations we have considered two sets of antennas for the UMi scenario; an 8x4 antenna using 2x1 virtualization as well as an 8x8 antenna using 2x1 virtualization. These antenna layouts will hence correspond to 32 and 64 ports respectively. For both antennas we simulate hybrid CSI-RS operation where we transmit the non-precoded CSI-RS, hence 32 or 64 ports, once every 80 subframes. Based on the non-precoded CSI-RS UE specific channel subspaces are detected and the beamformed CSI-RSs will be transmitted within these subspaces. These UE specific beamformed CSI-RSs are transmitted once every 5 subframes except in the subframe where the non-precoded CSI-RS is transmitted. We will in the simulations consider the cases of 2 and 4 ports beamformed CSI-RS. 
As a baseline system we will consider a system not running in hybrid mode and hence is transmitting non-precoded CSI-RS every 5th subframe. More detailed simulation parameters are available in the Appendix. 
Simulation results
In Table 1 we present the simulation results for the 8x4 antenna configured with a 32 port layout. From these results we observe that the hybrid system using 2 ports UE specific beamformed CSI-RS performs better than the system using 4 ports UE specific beamformed CSI-RS. Hence, the expected quality improvement of the CSI-RS by providing 4 beamformed CSI-ports instead of 2 beamformed CSI-ports is not sufficient to compensate for the cost in terms of increased overhead. In fact, we get a performance loss compared to the baseline case for the case of 4 beamformed CSI-RS ports. On the other hand, the hybrid system using 2 ports UE specific beamformed CSI-RS performs on par with the baseline. Therefore, here the hybrid approach can be considered a potential way to decrease the burden on the UE by measuring on fewer ports on average, although UE complexity for eFD-MIMO CSI reporting depends a variety of parameters, and so requires further study. 
Observation 1: 
· For an 8x4 antenna with 32 ports the hybrid CSI-RS operation mode performs on par with a system not operating in hybrid mode. 

[bookmark: _Ref458681669]Table 1. 8x4 antenna at 50% and 70% resource utilization
	
	50% RU
	70% RU

	
	Cell edge gain [%]
	Normalized user throughput gain [%]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Baseline
	0
	0
	0
	0

	Hybrid 4 ports beamformed CSI-RS
	-2
	1
	-21
	-8

	Hybrid 2 ports beamformed CSI-RS
	0
	2
	0
	3



In Table 2 we present the simulations results for the 8x8 antenna configured with a 64 port layout. We note that here both the simulated hybrid system outperforms the baseline system. 
Observation 2: 
· For an 8x8 antenna with 64 ports the hybrid CSI-RS operation mode outperforms a system not operating in hybrid mode. 

[bookmark: _Ref458681678]Table 2. 8x8 antenna at 50% and 70% resource utilization
	
	50% RU
	70% RU

	
	Cell edge gain [%]
	Normalized user throughput gain [%]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Baseline
	0
	0
	0
	0

	Hybrid 4 ports beamformed CSI-RS
	26
	17
	19
	17

	Hybrid 2 ports beamformed CSI-RS
	24
	15
	37
	25



From these results it is clear that when moving into the region of a high number of ports there will at some point be beneficial to utilize hybrid approaches to combat the increased amount of overhead. For the UMi case this point seem to occur roughly around 32 ports, where the baseline and hybrid schemes are essentially equivalent performance wise, and at 64 ports the hybrid scheme is superior to the baseline scheme. It is also expected that other high CSI-RS overhead scenarios, such as with CSI-RS reuse factors > 1, will similarly benefit. Therefore support for hybrid CSI-RS reporting together with a 32 port codebook is motivated from a forward compatibility perspective, as well as for other cases where CSI-RS overhead may be large.  
Observation 3: 
· Hybrid CSI-RS reporting together with a 32 port codebook in Rel-14 is motivated from a forward compatibility perspective, as well as for other cases where CSI-RS overhead may be large. 
Conclusions
Based on the presented simulations we conclude 
· For an 8x4 antenna with 32 ports the hybrid CSI-RS operation mode performs on par with a system not operating in hybrid mode. 
· For an 8x8 antenna with 64 ports the hybrid CSI-RS operation mode outperforms a system not operating in hybrid mode. 
· [bookmark: _GoBack]Hybrid CSI-RS reporting together with a 32 port codebook in Rel-14 is motivated from a forward compatibility perspective, as well as for other cases where CSI-RS overhead may be large.  
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Appendix

	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	8x4 and 8x8 with 2x1 virt., UMi (130° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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