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1 Introduction
This paper considers the design factors that should be taken into account when designing CSI-RS resources for FD-MIMO.  In Rel.13, 12 and 16 port CSI-RS resources are added, while we expect that additional ports such as 6, 10, 14, and >16 will be added in Rel.14.  Hence it is important with a forward compatible design and to establish a design principle that can be used also in Rel.14.  The aim is to have specifications that are scalable and flexible so that the eNB array design can be tailored for each particular deployment scenario. In some scenarios, a wide 1D port array is the most useful deployment, while in others a 2D or even a square port layout is the most beneficial.  In this contribution, we aim at such a design and the performance impact of applying different CSI-RS power boosting is evaluated.  A robust CSI-RS design that is based on aggregating existing CSI-RS configurations for FD-MIMO is proposed.  Also proposed is the consideration of a length-4 orthogonal cover code to allow the eNB to have better power efficiency.
2 CSI-RS Design Factors
Various factors should be taken into account when designing CSI-RS resources for FD-MIMO with more than eight ports.  One such factor is the impact of the new CSI-RS design on the PDSCH mapping for legacy terminals.  It is desirable to design the CSI-RS for FD-MIMO such that the PDSCH mapping for the legacy terminals is not impacted.  Another factor to be taken into account in the design of CSI-RS resources for FD-MIMO is the flexibility to support non-power of two antenna ports [2].  Furthermore, it is also important to ensure that the CSI-RS design does not incur notable performance losses if the power on CSI-RS REs cannot be boosted to fully utilize the available transmit power due to e.g. PA linearity issues.  Finally, since different UEs served by a cell may be configured with widely varying CSI-RS resource sizes (especially when beamformed CSI-RS is used), CSI-RS resource allocation should have small granularity, allowing these mixtures of different CSI-RS resource sizes to be packed efficiently.
Observations:

CSI-RS designs for FD-MIMO should:

· Not impact PDSCH mapping for legacy terminals.

· Have small granularity, allowing a variety of array configurations and supporting efficient resource usage e.g. for beamformed CSI-RS.
· Allow good eNB power amplifier efficiency. 

3 Performance with Different CSI-RS Boosting
In this section, we evaluate the performance impact of applying different CSI-RS boosting to a 2D antenna array with 16 ports.  We compare the performance between the cases with full power boosting and the currently allowed 6dB power boost.  For the simulations, we consider a 16 port 8x4 dual polarized array with 4x1 subarray virtualization (108 degree tilt).  Detailed simulation parameters are given in the appendix.

The results for the 3D-UMa and 3D-UMi scenarios at 70% resource utilization are given in Table 1 and Table 2, respectively.  These results show cell-edge throughput losses of 18-19% when using the currently allowed 6 dB power boost when compared to the case with full power boosting.  The corresponding normalized user throughput losses are in the range of 8-10%. 
Because these gains are found only at high system load and are notable, but not dramatic, modifying the CSI-RS patterns to improve eNB PA efficiency may not be essential.  However, we would note that a conservative RAN1 design may avoid the need for study in RAN4 if more than 6 dB CSI-RS boosting is found beneficial in RAN1 or in the RAN4 discussions of FD-MIMO performance requirements.
Observations: 
· Applying a 6dB power boost to CSI-RS REs results in performance losses of 18-19% in cell edge throughput and 8-10% in mean user throughput when compared to a fully boosted CSI-RS, for a 16 port CSI-RS configuration and at high system load (70% RU).
· Conservative designs for CSI-RS in RAN1 may avoid the need for RAN4 consideration of CSI-RS boosting.

Table 1: Performance comparison in 3D-UMa
	Reference resource utilization [%]
	70

	Reference offered traffic [bps/Hz/cell]
	1.641

	
	6dB boosting
	Full boosting

	Cell edge throughput [bps/Hz/user]
	0.260
	0.316

	Mean User Throughput [bps/Hz/user]
	1.683
	1.871

	Cell edge gain [%]
	-18
	0

	Mean user throughput gain [%]
	-10
	0


Table 2: Performance comparison in 3D-UMi

	Reference resource utilization [%]
	70

	Reference offered traffic [bps/Hz/cell]
	1.718

	
	6dB boosting
	Full boosting

	Cell edge throughput [bps/Hz/user]
	0.256
	0.316

	Mean User Throughput [bps/Hz/user]
	1.710
	1.867

	Cell edge gain [%]
	-19
	0

	Mean user throughput gain [%]
	-8
	0


4 Robust CSI-RS Design 
CSI-RS designs based on aggregating existing pre-release 13 CSI-RS configurations satisfy the design factors mentioned in Section 2 with respect to PDSCH mapping and resource allocation granularity.  By aggregating existing CSI-RS configurations, PDSCH mapping for legacy terminals is not impacted as legacy zero power CSI-RS configurations can be used to avoid collisions with the CSI-RS ports of newer terminals.  In addition, support for arbitrary non-power of two antenna port configurations can also be ensured by aggregating existing CSI-RS configurations.  Finally, CSI-RS resources can be packed efficiently by aggregating smaller sizes of the existing CSI-RS configurations.  Hence, the design is forward compatible to Rel.14. The aggregation of existing CSI-RS configurations can be obtained in a few different ways:
· Alt.1: One alternative is signaling, or defining, a merge of multiple existing (2, 4 or 8 port) CSI-RS configurations.  For instance, a 12 port CSI-RS resource can be obtained by merging an 8 and a 4 port resource. With this approach 6, 10, 12 and 16 ports be obtained by merging two existing configurations. To support 14 ports or more than 16 ports, one can extend the merge to three existing configurations (e.g. 8+4+2).
· Alt:2 Another alternative is to signal a bitmap of length equal to the total number of RE pairs that may be used for CSI-RS in legacy LTE (for instance, 20 pairs for FDD and 32 pairs for TDD).  The bitmap then indicates to the UE whether a RE pair contains CSI-RS or not.  For example, a bitmap with 7 “ones” and the remaining bits “zero” indicates the NZP CSI-RS resources and that a 14-port CSI-RS resource has been configured.

The current orthogonal cover code (OCC) length of 2 allows 3 dB SINR gain for CSI-RS ports without increasing the peak power requirements of the eNB power amplifiers.  Our results in Section 3 indicate some notable performance losses (even though at high load and not extremely high losses) for the case when the currently allowed 6 dB power boost is applied to CSI-RS in a 2D array with 16 ports.  Using a length-4 OCC can alleviate such performance losses by potentially allowing the eNB to have better power efficiency.  One way to apply a length-4 OCC is to apply a 2 dimensional OCC in both time and frequency.  Here, CSI-RS RE quadruplets over which the length-4 OCC is applied can be in adjacent subcarriers and in adjacent OFDM symbols.  The time dimension of the 2D OCC uses a length-2 OCC across adjacent REs in time, where a sequence of [+1 +1] or [+1 -1] modulates the two REs of one subcarrier in adjacent OFDM symbols.  The frequency dimension of the 2D OCC also uses a sequence of [+1 +1] or [+1 -1], but modulates the two REs of one OFDM symbol in adjacent subcarriers. Therefore the 4 weight sequences corresponding to each of 4 CSI-RS ports multiplexed within a quadruplet may be expressed as:
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where the rows of the matrices correspond to the subcarrier index ‘k’ and the columns correspond to the OFDM symbol index ‘l’ in [1].
Hence, we make the following proposals:
Proposals:

· CSI-RS designs based on aggregating existing CSI-RS configurations should be considered for FD-MIMO.

· The details of how to signal the aggregated CSI-RS configurations is FFS.
· Length-4 OCC sequences should be considered to allow the eNB to have better power efficiency for the 16-port case.

5 Conclusion
This paper considers the design factors that should be taken into account when designing CSI-RS resources for FD-MIMO.  Our observations can be summarized:

Observations:

· CSI-RS designs for FD-MIMO should:

· Not impact PDSCH mapping for legacy terminals.

· Have small granularity, allowing a variety of array configurations and supporting efficient resource usage e.g. for beamformed CSI-RS.

· Allow good eNB power amplifier efficiency. 

· Limiting power boosting of a 16 port CSI-RS to 6dB results in notable, but not dramatic, performance losses at high system load. 

· Conservative designs for CSI-RS in RAN1 may avoid the need for RAN4 consideration of CSI-RS boosting.
Based on the observations, we make the following proposals:
Proposals:

· CSI-RS designs based on aggregating existing CSI-RS configurations should be considered for FD-MIMO.

· The details of how to signal the aggregated CSI-RS configurations is FFS.
· Length-4 OCC sequences should be considered to allow the eNB to have better power efficiency for the 16-port case.
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7 Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

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

	Antenna Configurations
	8x4 with 4x1 virt. to 2x4, tilt: 108°

	Cell layout
	1 vertical sector per azimuthal sector, 57 azimuthal sectors in total

	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
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports.

	DMRS overhead
	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
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