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1 Introduction
Hybrid CSI reporting was discussed during the EB/FD-MIMO study item as a means to obtain the benefits of both Class A and Class B reporting.  This contribution considers hybrid CSI reporting in a general sense, its potential benefits, and proposes design targets for what hybrid CSI reporting in Rel-14 should support.
2 Discussion
As discussed in [1], hybrid CSI reporting can use infrequently transmitted Class A CSI-RS with a companion Class B CSI-RS that is more frequently transmitted.  Precoding applied by a serving eNB to generate the companion Class B CSI-RS can be derived based on earlier Class A CSI reports from the UE.  More generally, there are many possible hybrid reporting approaches, with various CSI reporting types, codebooks, and numbers of CSI-RS ports, and these could also be beneficial.  Therefore, we consider hybrid CSI reporting in a general sense, examining its potential benefits.
2.1 Benefits of Hybrid CSI-RS
Before considering how to specify Hybrid CSI reporting, we should first clarify the problems to be solved.  There are a number of possibilities:
1. Spectral efficiency loss from CSI-RS overhead

If 32 CSI-RS ports are transmitted every 5ms, and we assume there are 108 available PDSCH REs (including 2 port CRS and DMRS, and with 3 symbol PDCCH), then about 32/5/108=6% of PDSCH is used for CSI-RS.  This amount of overhead is not inconsequential, but neither is it large.  We note that the performance loss is not necessarily equal to the overhead in non-full buffer traffic, and so provide results in section 3 to better quantify the impact of CSI-RS overhead.  If CSI-RS reuse factors of >1 are needed, then overhead can be proportionately more substantial.  It is not clear yet which scenarios require these larger reuse factors, however.
2. Reduced UE complexity

Reporting MIMO CSI for a smaller number of ports more frequently requires less average computational effort. However, the peak computational effort for MIMO CSI feedback is driven by the maximum number of ports.  As there has been only limited quantitative discussion of FD-MIMO CSI complexity, it is difficult to judge how much benefit there is when reducing the average number of ports in MIMO CSI feedback.
3. Reduced eNB transmission power

Since CSI-RS may need to be boosted relative to PDSCH, they can consume substantially more power per RE.  However, assuming one CSI-RS port is transmitted per antenna element (with a fixed boosting ratio to PDSCH), whereas PDSCH is transmitted on all elements, the relative total power of CSI-RS to total PDSCH power is relatively constant with array size.  Higher boosting is needed if CSI-RS SINR becomes too low, but at least with 32 ports and with CDM=4 CSI-RS, this is probably not the case.

At least in the cell specific case, CSI-RS overhead does not vary with cell load, while PDSCH power does, and so the fraction of CSI-RS overhead power grows as the load decreases.  However, PDSCH load will have to be very low indeed for CSI-RS power to become significant. For example, assuming again 3 symbol PDCCH, and 2 port CRS and DMRS at 50% cell load and CSI-RS are boosted by 6 dB, then a 5 ms 32 port CSI-RS will consume around 1% of the total transmitted power of PDSCH.  At 10% load, the CSI-RS power is 6% of the total PDSCH power.  Note that CSI-RS will be an even smaller fraction of the total eNB transmit power.
4. Reduced CSI-RS to PDSCH interference

Given that fewer CSI-RS are transmitted, the interference to PDSCH REs colliding with CSI-RS is reduced.  As discussed above, it does not seem likely that CSI-RS power is a significant fraction of the total power, and therefore the interference, transmitted by eNB in Rel-14.  

5. CSI feedback overhead

FD-MIMO feedback on PUCCH format 2 occupies two subframes per reporting period, regardless of whether Class A or B is used, and independent of the number of CSI ports.  Furthermore, periodic CSI is generally not configured for frequent transmission.  Therefore, resource savings on PUCCH from the use of hybrid CSI reporting are not clear. 

The overhead from CSI on PUSCH is largest with subband reporting, in which case there is not much variation in payload size with the number of CSI-RS ports or CSI reporting type.  Therefore, overhead savings on PUSCH from the use of hybrid CSI reporting are also not clear.
Observations:

· While there are a variety of problems that can be potentially solved by hybrid CSI reporting, it is not yet clear which problem to fix when specifying hybrid CSI-RS.

· Standardization effort should be in line with the amount of benefit.

2.2 Hybrid CSI-RS Reporting in Rel-13 and Enhancements
Hybrid CSI reporting is already supported in Rel-13 through the use of multiple CSI processes.  A UE can be configured with either Class A or Class B, and with up to 16 ports or 8 CSI resources on each CSI process.  However, hybrid CSI reporting is not possible without multiple CSI processes, and multiple CSI reporting is a significant burden to the UE if the CSI reports are frequent and/or must be calculated simultaneously. 
Cases where there are large CSI-RS overheads for Class B with many CSI-RS resources (e.g. K=8 with 8 ports) can also benefit from hybrid operation with a smaller number of CSI-RS ports.  Another possibility is that 8 port codebooks with partial port mapping could be used with, say, 2 port codebooks.  Furthermore, UEs may not support all FD-MIMO codebooks and port sizes, and eNBs will also tend to support different FD-MIMO configurations depending on deployment.  Therefore, the flexibility that we now have with any mixture of CSI types and port sizes supported by multiple CSI processes seems a reasonable starting point for the amount of flexibility that should be supported with hybrid CSI reporting.
Observations

· Hybrid CSI-RS reporting can be supported in Rel-13 with multiple CSI processes
· The main benefit of specifying hybrid CSI reporting enhancements in Rel-14 is to reduce UE complexity.

· The flexibility available in Rel-13 multi-process hybrid CSI reporting seems a reasonable starting point for the amount of flexibility that should be supported in Rel-14 hybrid reporting enhancements.

Proposal:

· The flexibility available in Rel-13 multi-process hybrid CSI reporting is a baseline for what Rel-14 hybrid CSI reporting enhancements support.  

· For example any combination of CSI reporting types, codebooks, numbers of CSI-RS ports, etc.

· Individual combinations can be downselected if not found to be needed.
3 Simulation Results

In order to explore the potential gains of hybrid CSI reporting from a spectral efficiency viewpoint, we have simulated a hybrid Class A-B setup.  32 port Class A CSI-RS is transmitted every 40 or 80 ms, while 2 port Class B CSI-RS is transmitted every 5 ms and beamformed according to the W1 matrix identified by the Class A report.  The hybrid approach is compared to a baseline where 32 port Class A CSI-RS and CSI feedback is transmitted every 5ms.  SU-MIMO transmission with 2 UE antennas is used with a 500 kB traffic model, and performance is evaluated at 50% resource utilization.  Additional details are in the Appendix.
Table 1 shows the gains from hybrid CSI reporting over the baseline.  Very limited gains were observed in UMa, while somewhat some losses were seen for UMi.  This is consistent with the observation that 32 port CSI-RS consumes on the order of 6% PDSCH resource, and with the need to overcome loss of CSI when transmitting with fewer ports.The greater losses in UMi may be expected because FD-MIMO generally has greater gains in UMi, and so this scenario may more sensitive to CSI accuracy.
Table 1: Gain of Hybrid Class A+B over

Class A 32 Port with 5ms period

	
	Class A Update Rate
	40 ms
	80ms

	UMa
	Mean UPT Gain
	0%
	2%

	
	Cell Edge UPT Gain
	5%
	2%

	UMi
	Mean UPT Gain
	-5%
	-4%

	
	Cell Edge UPT Gain
	-8%
	-7%


Observations:

· The gain with CSI overhead reduction does not always overcome the performance  loss due to  less accurate CSI

· Can be difficult to find gains; observing losses in e.g. UMi with 2 port Class B and 32 port Class A.
· Conditions where FD-MIMO has more gain may be more sensitive to CSI accuracy
4 Conclusion
This contribution has considered hybrid CSI reporting in a general sense, its potential benefits, and proposed design targets for what hybrid CSI reporting in Rel-14 should support.  We make the following observations and proposal:
Observations:

· While there are a variety of problems that can be potentially solved by hybrid CSI reporting, it is not yet clear which to fix problem when specifying hybrid CSI-RS.

· Standardization effort should be in line with the amount of benefit.

· Hybrid CSI-RS reporting can be supported in Rel-13 with multiple CSI processes

· The main benefit of specifying hybrid CSI reporting enhancements in Rel-14 is to reduce UE complexity.

· The flexibility available in Rel-13 multi-process hybrid CSI reporting seems a reasonable starting point for the amount of flexibility that should be supported in Rel-14 hybrid reporting enhancements.

Proposal:

· The flexibility available in Rel-13 multi-process hybrid CSI reporting is a baseline for what Rel-14 hybrid CSI reporting enhancements support.  

· For example, Rel-14 enhancements support any combination of CSI reporting types, codebooks, numbers of CSI-RS ports, etc.
· Combinations can be downselected if found to be not needed.
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6 Appendix

	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD
3D UMi 200m ISD

	Antenna Configurations
	8x4 with 2x1 virt., UMa (130° tilt) & 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), 46 dBm (UMa) 

	Traffic model
	8x4: FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS and DMRS overhead
	2 CRS and 2 DMRS ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	CSI-RS beam selection margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS



